12 United States Patent

Chen et al.

US010971047B2

US 10,971,047 B2
Apr. 6, 2021

(10) Patent No.:
45) Date of Patent:

(54) DEVICE SUBSTRATE

(71) Applicant: Au Optronics Corporation, Hsinchu
(ITW)

(72) Inventors: Chia-Heng Chen, Kachsiung (TW);
Yi-Fu Chen, Kaohsiung (TW);
Ping-Hung Shih, Hsinchu (TW);
Wei-Chieh Sun, Hsinchu (TW);
Peng-Che Tai, Hsinchu (TW); Jhih-Ci
Chen, Hsinchu (TW)

(73) Assignee: Au Optronics Corporation, Hsinchu
(ITW)
(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 3 days.

(21)  Appl. No.: 16/595,482

(22) Filed:  Oct. 8, 2019

(65) Prior Publication Data
US 2020/0410914 Al Dec. 31, 2020

(30) Foreign Application Priority Data

Jun. 28, 2019  (TW) ., 108122810

(51) Int. CL
G09G 3/20

(52) U.S. CL
CPC ... GO9G 3/20 (2013.01); GO9G 2300/0408
(2013.01); GO9G 2300/08 (2013.01); GO9G
2310/0202 (2013.01); GO9G 2310/0267
(2013.01); GO9G 2310/08 (2013.01)

(58) Field of Classification Search
CPC ........... G09G 3/20; GO9G 2300/0408; GO9G
2300/08; G09G 2310/0202; GO9G
2310/0267; GO9G 2310/08

(2006.01)

USPC e 345/213
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

9,478,310 B2 10/2016 Han et al.

9,576,678 B2 2/2017 Lin et al.

9,607,712 Bl 3/2017 Lin et al.

10,283,066 B2 5/2019 Hao

2014/0240209 Al* 82014 Zhang .................... G11C 19/28
345/92

2015/0255014 Al 9/2015 Lin et al.
2015/0294636 Al* 10/2015 Yu ..ccoovvvnevvnnnnnnnn, G09G 3/3655
345/204

1/2016 Han et al.
(Continued)

2016/0012911 Al

FOREIGN PATENT DOCUMENTS

CN 103761937 4/2014
CN 106847227 6/2017
(Continued)

Primary Examiner — Mark Edwards
(74) Attorney, Agent, or Firm — JCIPRNET

(57) ABSTRACT

A device substrate including a substrate and 1st-stage to
nth-stage driver units. Fach of the 1st-stage to nth-stage
driver units includes a pulldown element, a reset element,
and an output element. A gate of the pulldown element 1s
used for recerving a corresponding first start signal or a reset
signal. A gate of the reset element 1s used for receiving the
reset signal. A drain of the output element 1s used for
outputting a corresponding gate driving signal. A gate of the
pulldown element of the nth-stage driver unit 1s electrically
connected with the gate of the reset element of the nth-stage
driver unit so as to make the gate of the pulldown element
of the nth-stage driver unit be used for receiving the reset

signal.

14 Claims, 12 Drawing Sheets

K, o B et

1 | :t

z oL .ﬁHnw:m'n':rnﬁrnw‘fg e

- - == I A H T i Tl gt i =
2 7 L 2 et L e e v el T 3

L T I o1y AT a2 - PRk : !
] M e e |
e R R T D R P A T e o

. 1
1=

4 + i F i .
B i | RSEE e L T W P B X D OB Ol [ M A A D AL O - B E EET] i ES |

b _u-.r'u'-i.i'-'-:-'-F-'.:G-'J-'-'.'-_-'.u:-'.-_"i:niii_-'.-'ni_n.:“'.;i"""-“.n?"".-'.-;-T-'-?_: L R Lt L L He
] . N H T aT - e A N PRI T T H o

+ oL LU el e . ) Lasc!
N PO TR O LT T L A R{
o AR T L S T A TR DT R L FATTLT LT R LA AT
h HH
k!

.'_1:“_ e
RN -1 o i e B SRR e et i | 3t | & M it g A

B e R e N R A e e IR R e e e e e S A

A — — = s | 4P.! i

Ho1 3 PR AL o P P oF L o P R LI R 2L A B AP R i i :-gl .
T

F et L ) 'l."h.'a'.'.:t'l' bl W S .




US 10,971,047 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2017/0076821 Al 3/2017 Lin et al.
2018/0095315 Al 4/2018 Yoon et al.
2018/0374442 A1 12/2018 Hao
2019/0139616 Al* 5/2019 Quan ...................... G11C 19/28

FOREIGN PATENT DOCUMENTS

CN 107885001 4/2018
TW 1514362 12/2015
WO 2016106847 7/2016
WO 2019090912 5/2019

* cited by examiner



U.S. Patent Apr. 6. 2021 Sheet 1 of 12

[ L] I[I[I[IEIEI
lIEIH IEIEIEIEIEI

DLy DLy

FIG. 1



US 10,971,047 B2

Sheet 2 of 12

Apr. 6, 2021

U.S. Patent

-
3|
-

4

\l.llll_.?.lllj

¢ Ol

Gel el eyl v9l 79l cd ¥l - gel bl 4Gl ¢Sl

SO USY0USY 4S9 U059 * 1S9 0S9S90q@s9 1+ SI U

JOSSA

30

SILLL Y

S:
U')

| |
AN l"ll G\ LV VAL P S

e, ] Rl AN s

- R N N Y AR N

i l-.—!&

Q S99 (4 S ) 9 (0 S
OH OH . D P ——
Cal 191 i



; V¢ Ol

US 10,971,047 B2

Sheet 3 of 12

Apr. 6, 2021

c
2
T

iy iy v fralosl 'ribey e ey el rivy iy f="mh jrivin rhimi ol
TITFEITT RO LT
LaklTi irl
e b b = harnie? el
A A L arn o T w NN U BN+ NN NN RN AN NTI N NCd RN TN BCI0 L1 N BN NN BC1 AN NN B+ 0 BN RNTI N NCd BR+N N N0 RPN N TN B B O B0 N0 BN+ ON R+ BRI N0 A8 AN BN B b N CI0 B+N N A+ N0 BN R LI RN+ NN B0 BRI RN TAN RTE RNA NN N4 DAL RN CA 0 B+ BN NI 0 AT B0+ 00 B0 ORI RN GO N A BN BN O LI RN I R AT N RFIN NTE R N+ U B+N NN BN bR AT O NN +RN N4 B HLI NN
1 L1 0 0L ITEXTFET LILELL Linial FENFIFIF NN IS TR FTNEFN T FITN LI N ERATI ]
il 1iill] | ey 1/ AN
.
]
. r
TN L LS T R R AR T A BT AR T Rkl N L BT b T AR LW B R W R A dF A B R BT AT A N b dhLfa R A O L LG RN RLREd Y Y
AL+ N R4 ENCIN & 4 BFFdERA EINC+d NLAT N b+ b NEIN I N k4 N L R4 & Ed TANNCA N NFN b #0 0 I 0 RR40 b+0 & B4 FEERL NEdN b 3TN R FINWTE NN FRRE FERT A I4 RIEENCAR N r
' X F AR ] r T a1
1 MLAdb Lk hid BhId bk ki h hd b bk bl mkdd wl 4 4 4 3 [
a e 33 cllc A L L R AT £18EERE N
LD + 3 n
nan im0 L1 i 4 e o ol
LE L RELY] LE LI R LE] n...u r__"_ ru n._.- -._.. .
r¥ i 1 apddarapptadrt F F L ] L r
L] + 1] i L L
3 L] r £31 3
L o ¥ ] P+
X L 1 FY| 4
¥ ] 3 3 17
L1 £ 1 ] b
| ! % : ,
+H EL 1 T 1 * - i "
3 £ ] [ F] T
4 o [s r t 1 rrranrrrrrtdnrdrrra fbdda pradbaprearrean bapr [ rg
"1 4 F] > AR AN IR b B3k hdd BhkLdN hdd ER-LhE ] b BFd N 3
1 E] 3 b ] 1 LE! LK) "
n L3 * T 3 +!
Sl ki ra £a K
A T TELI NN [AETEET i . Y L "
" ] 3 ¥ 1
1 F il fu Y] [} 1
b+ X F ] r
M +u [F Ty 3 1 Frennca
N ra T T ]
18 e Y] L ]
Fd + 1 1]
T T I+ r ] +
r * T kn
4 i L 1 L E]
calll) T I 1] SO NFd RREI N ELENFY
ar " +r [+ M ] L] =
L R R ] Bh+d b pLd _.._. n n___ ...._. L
| [ R TR R EXRLEL] NLINE kLN ra 1 ] r
Fr10 FA0 1P 1E1FIHY
v o b | a A ) s
4 1] [ 3 +ul I (1 ] 1 +
I £d £ 1 I + b
4 L1 | A LL 1 r T
Lk "1 1 [ ¥ ¥ Lk
] 2 +ul Ir 1] + ] F] axasminnssnsxsnminsmas BRI NLE]
g -.__m.. T L * I 1] * kA AL LA A LA LA S AL LR L]
L , ..n_. 7 |8 —H_ —“_ 1 n_. T I a
--vu 1] [ 1 +u I+ [T £ +
h t Al 57| & M T ST AT R R + 1
k nnu +1 X 1 1 . ¥ F cu Lk E]
1] | X >l Ir L + ] "
L) 1 |
&L 3 [ ] q._.u § _“..h " N 1'.!1 1.—.._.
£ LI & £d + ..n ] ] ¥ r ] £ LE)
T + -_.". . EL 1 r ] 4 1 -._.... ] T C
4 L F L -ﬂ_..___m-._nu____‘-_.._- e A .h_ _.u. At d ] _.- I
E -._.u --.“_ LY - L £d L 1 1] ] 3 > cn 4+
; ] It b 0 Ak ¥ ; & AR X b .,
4 +1 ] llra E] C (1] [ in [ ¥ + )
£ 44 +1 LK j LT FLEIE] [} L [] T C (1]
+ T L] q._. ._.. J [ LSRN F] I ._- u.- A -._.._. _”_.
4 4 ] n.n.q __u _“.. i LE] E]
¥ -.n... I cd 1] ..”_ > ...._ y ._“___
B R dd kb i | Y v W Fy | Lk
1 I4 0 kIR NRT 1| E] + 1 11 1] I
1 I » c 1] L] T + L]
1 s MY L] | K& ] + T 1k L] 4
X L ¥ %] ) 4] + cd
4 Ll ilfrn ] E] * ERL] LE] E]
i 1._r -ru o n.__._ 1] 1 + n. _.L__
o w: L LX) +.___ T + _.._ ! cn
3 Fa ljra T 1 in LE] E]
r T Tr L L] O kL Ly T T e
a X} alle ¥ * N X! 14 g i i b
i 41 » 3] £d Ly 1
4 1-...u afjc+ ] + b kY INCINETH
1 ] NG | £ o & ta o . gy ]
+ L £1 Y] ] £ ISR N PFINNCAN RN HOLE IICINETENR L
4 1-._.+u.--.__.u-_._.- :_.u L] W r o ] Pr P R ER PSR T A NN+ N A NE IR N CE AR AN PO RN NP ETE
Ll IR R ¥ 1 ] . T " A T £
u L £a 1] B CINRRIRET
1) L + L] ] ._.. (L] -._- AL LE] |.H. L] r -.....- T ._.-._- ._.._.._--__-...._.._.-
a 1 ] A Y + W F e TR TR T T ] b
F < [ £a ¥ ] ENFARNEHE N N4 0 NP ESENRI NNTIN AFE AN+ NN BTN NEd 0 ra
T rr T b " ard o el ]
1 o ) 1
b -n.. ] L] E] 4 ri
o kr L ' ; 3 T
L LR ] 4L
ol £+ ] E] 4 LE] CHNN+NNN+0 REd AR LY
._._ A ca + ] LK
uu L k Y] [ A WA AT
1 + 3 LY EINLERIEELNLE]
T EFiERLEINEF
i ..—_._.._. . ! I - LA LA
-... [ 3 3 e
re T
1 + . 1 ¥
4 -...... m } y [ Y
L] ] + h ra
r L
4 Nl . g ' £y ] T
L ] cd +
. b + d LE;
1 1 .n"_h b _“_. [ ___.-.-._" ._L-‘--..._u.”_--'—.__. .._-.-.__ ‘-‘___“...-._-___m_. u.-‘__-..“_-._........ ]
; g -._....--._...n_-:-.-”_- ' --h...u--.n._.. i > ] L] e LI ES L EY L]
S R | T " Al I ra
4 P YRR | a . L 'y
£d >
L] T d ra
hr u
1 + K Lk
n._u dpblasd n.
L] 3 | AL LR | Y
] E] L — I N LEINE]]
! 0 : [y Y
il [ P PR NPT WECdE R+ R RINNE ERCAdN NFd Bh+dl ki
] SN LN RN NN e NN N N L Ny TN TN R N N TR TN NN N NI NN LN NIV NN ELT RN T ERTNL N z
. e e e AT YO R O L T A T I L O R I N O T O L R L L B S T T e A T T T A T D T T T B T S S r S T T O O D O T O T P OO N T LT Y] T e e e e A R e Y e e R R e S Y
A [ e .
. : L] Al i i1l
! e Tt Rl -
Tl dakd BradnTars e e e T T T o T T e T T o e S o T o o T T T e b T e T e e e e T e e e Tt o T e e T D e T e T e T e S T B e s o T T T o T o B e e o e T T L B e o A T o o S T e e b e T e B T S e N T S
CFEELY NN RN TEETE TN T Y YN TR PN Y TN DR AN T T I N T TR TN L T Y TN T LN T T RLEW T TR T i TR Yo W TR T B Y I LAYy R AL T N TN TN Y T T T RN TN T YR RPN LT N TN T TN TR TN N T T I IR LT T N TN S AW T L R ey Y F f
1 .—. — “ _ [ 1 1
H— A
AR ELENATH ENINNTIN ATA ERINRF A RFRAR+E DLI N EELENRINNCINNLd NRIN LI R NCIN LI NN+ 00 NI0 N (XL T LdRELTERINE LINNLHN R+0 0 T 10T I h 4 —
Araus e am T FYRCTTHRTRF T AARLLALLL AL L ES) S L LLA AL LA LA AT FIIFFIRTENTF IRFFANTE N LIALLLL T IERLT] ALRPALLP AP X WL L] ETARFLF AT [
.W g saprdp Al kL u._- LN A LF hnan...‘w..ﬂ-.ﬁu.q... °
i il il ; _
TA R P4
N P e R e R L e S e o S e e e e e A RS S e AL hih Db Rk+d wh 1 .
' T + N 1 P AT TFPTTF T T Ir T T I Y TTTTTY TETr T FrrT I rrte okl o, .
hbdhh{ddpfdgbib bld dp [df jib b Ihgpd Julddp qdgbdg hq{d Juddd p{d bkdp ] :
—1 L] LI E] nr L] RN NN NFIN N ELONENN RN AL
L] A F F T g LiL. LY
tare -._.L T T r ¥y
I TLRNLEL] n._.u- LI n i d ._h.-. -
+ T -h.& T [ K] F
1 H F i I
11y L] LL 1 e L] R IELINE NN %]
L T L] ra 4
N 1k ) L y Y y
-._ ; T £a “_.._-.. L] . -'.n ]
__ - 4 +
LL] ]
-_.__. 0|5 T Iy --_“ L b . _m_.
LR AF Yy L r L EIL) ¥ f y
1] & hL] L] i A Al .
i ks T 4 4
A A :_._“. r ._.._-‘-._u-—__. +1 (1] + —”_ L4
Vet Ao A Ak ] b k ..._- r._.. _”n i --n._ £
+ Fa el L] 1] | 1 + [ 1 L] .._._- LE]
”.“. A ._.” " L A u..u M3 T —... __._”_ ] Er+ar bennka
+1 X [ [ LE 1
bl [ Ll il ks + 3 [ X] bl ¥
LA ] L] L] Xl 3 T T L] L.X] [
1 n...u. u 3 __....—_ o (11 31 i [ Y] d _... gL
I X I r r
kr cuffr ra i r T [T P nu-
4 kY .._“... ” § ._u I ._.__. 1 n_.. % ..-. _.._w._. i
£a T r ] ] r
1 LI +1
' | AR | X e " 4 !
4 b o 1] | X E] 3 (1] LE] L] L] LE]
y Y ] 8 Iy -._m __._ “-” i nH._. . v -._.H.. ” hbd b RLh bFd
4 - -...... . __u n._ ] n_“_ L] -._._ r-- 4 ._u._- LLEL]
£a LI T + ] r
Er ruffr LEJ N
J iy (& - y - Y + ; 4, 2 I
+u [r T ] [ 1%
[ }] T ] ¥ .n 1 40
4 EA | 1 '»... . EL 1L e A LR
Ey uffr LE} A ~ L] b 1 )
L43 : + 1 [X] LY H +
4 4
Y | & oAl [ o | & u F] _. Ly
y Ay £ sinrcarnrale Tirncrurcanraf e . ...u b 1 ..__.... 5 -._.... . -n._.
4 nhdfiL #h4id pFqdftd §hldfhldyffpgqdd} 7 1 % Tl Y] ki [y +
ri ENTHENE Y | L FTNTER YT ] [ ] Cd + i sl [ b+
4 +uffr L) ik +ull ¥ 1 £n c
i L -—. ! rrrndpddrrTad rdnrter kn . rd T 1 ] T
by 4 E + 1 X 1ML X Y
- nnu- n. L] L] +1 cd L] ..u- ] LE]
gk r i 50 | o ¥ A T ’ X
H L4 bl 1] ] X1 +ul I 1] ik ki >
£3 i 1 £3 0 0T I £a T3 L] 1 r 3 "+ I Al
h +1 1¥ AR LE LN ) L] [ L5 i e rarred el AL 1 AL = ]
] ALY L] H ) . ral b [ ] ] Wbdf hf d pld g b Lld i bd A hFd b ldgpd h bld qudq Whddd hLd § Bldd i b Nl A LLd |
a +d b 1] X2 L] . an It i1 + B PFIN N RN EIN NCd N h b+ R ORI Nh+D B h+ AR NN NI AN TN N+NNCA NN CIN N d NRL NN C+N NFE Nh+0 N I REN NN B RN AN NCd DR+ 0h b+ RN
i -.-. 1 1] L1l Fasv AT FIR D P £a L] LK ] LA L] LI} ] LIL] ] ]
v & AN -1.._. drramdrn ‘-.—.._.. o -._ ._.‘ ' d __1._
+ ] ] 1 1 E] C +1 +1 L
Lhd I ra > ] ] 1 [ -+
1 1 ] by [A] ]
L] *1 L) g d ] W LY
1 ] ] EL 10 in r
| L] £a ._.h- LE] ...__ L] Lk
o L] n._- +1 __._u n u..- _“..
3 [ + [r B r
LRI N L 1 s 1 [ 1] "t
4 ik q._._ m I _.._ .-._.u bld pFngprub b Frdn ke Helf' N ._.._.
L1 B 1] ] +1 cd EEOEE L LN LRI YL b+
a L ] ] +o [r R L IR AR TN N
e 1] e
1 b E ] Ll I
._-._ L] cd L] LI LEILRT
] +fr I N IETNE, 1Y I N RETF RN NFRLFIN N FA CY N ETENFINE FINRTA
1 ALY
nu -.-“_ . Ll qu. L ._u __._r Iy
£a ] LE I
LE] LI
+ Hil ' 581y X
& L] ] E] C 3] [ 1]
1 L] L] cd REFJER+R N AT NP ru []
L T ] Rl 1 o res ey ARFTTIEFEANPT L u F] r+
1 rig I¥ b S Y S e P ey L Ldln
L] L] ] +ul I 4 FRE RN R N NP ORI N RN EFIN RN B R+NR N [ L] 1] [ LY
-.n.-. L] -.__._..T L] L] ] C [ ] ] [
-._.... " -._.“_.' Fu __._ - [ .+._ y -._.._. §
-.n._. L] -._“_ L] “ nuu n“u J ”..u -n“. L]
4 r 1 r
Fy Ldnphrabtianbid e
s ECINNTd N NLNN & b o | & o) "
W 1] £ T T
: il [n X bl
-nu [ 1] L] ] +
+ qu._ qu.- __._ -._.u
b L ] 4 i I ki
c P cal b Y
-._.u ] T +ul [ [ X)
L ] _"_.._ iy _.._ _“_u
.-__-. 1] cd C .
T o I+ 1
__._”. +n F L] OGS
e n n._.._ EL 1B LE] ] LR ]
u:—__m__._ —... a1 X ie
= + i _H_ n._.u
[ F] +
LE3
1 —”.- "
hnu ] + LE]
'_”.. £ 1N PR N L i
H | B e
-... £a T
¢ E aiaal
h 111 K EETEENIN NI N RN RN RLI NN ETR RNANNTIN L
BEnd Bhy bpd kA T T T g ey ity -
BCdELINNELCINEL £a M R NCI NN N R RCIN NP BN EVE NN AT RN IR NFd R+ N ki BRI RNV N NN NCIN N Fd B HCRE R
1 ]
' 3 Ml - - S — -
EOCINRFNRCTN NCIRF+AN P+ N RC+OFFIN PO ARCA N ETH P NP+ AN PP RCA RFCTNFCINCANP kTN FCANF+A NC+ANCANNE NP{ N PCANNRCINC+ANCTN RCIRFRA EFANF RIN P+ RF4A R N1 R PFdR R ET R FLANCTNNCA EFCINPFCANFA AR FA N PCINL+A NC+A PPAN N FA RFCANCAN NP4 RACIN FRINEA R
AR FPTPRRTARRTRF TP A abkdduntd npbdnrra R bddrknh prab Fadnbdd k1 brLladf BLd nbuh pdm b brdr Fad iy b Ead kad RFd e L A4 n by h kA kdd wyd pid g} q Ld g1y i

U.S. Patent




U.S. Patent Apr. 6, 2021 Sheet 4 of 12 US 10,971,047 B2

N STL2(GDras
GDn-1) / STL2

RS| DG S G

— —
M T T T I T E T I T i T T rrrf rr rrrrr e rrer e rrTrrrrrcrer ey L e
IR SRR, O N P Y A s LT armuarnra rAaE RETETT ~nTRnrsnsnTTT rarnnanTrAarAaFr TaTAaTFATATI T A near A FananTAara T rAa TA ran TAgA AAn TATATAR TET "‘_'d"“"'_"'_.":"“"'"“"'_.""‘_"“"'d‘“':‘;""' e
- wmr - . e T LT ET PR mEmraramam ramamRarama AramImAasErssImAErassssarsmserscan ersresaeefiran s ErE rana e EL s sa e RS Ll il i *
"-'.*l'u-' "
— -
)
- -, ErETE rsmTas= LAy K J LE T 0§ 2 mETESEE BT . EE ESrETESE S A EEE ETEHTTEFE BT ETES SR ETESFETETE FEETETE - ETEAE S ST EEET ETE EEE AN FEESETE RN - m -
o N e e g S ™ /i
L. LI e =t Y =T ==t Y . - W oy masy (T ]
- - - -
' , L. + L]
I by f ! - 'l-r"l -
N + e ek gy M W L A bl r - o
- 3 - -
; EEEmImErIrsss A ik i A -
TR A EAE LEE A EEER - = - - .\‘“-.‘ -.
b arnrama A rana “AEar - - o P
au i a 3 ua +
. Ly - - s - i -
-
i - r o T i X [ ] -
- -r
i - I . - -
L] - - . . ML u
A, -r
mr - = -- - - -
IR e ("N - P~ H oy W
-a -
- - I\ y [n -
oy - [ " I ..
- b -
-
i ner - Ar L] r [* = -
[ - = - - -
Tyl . i - L. [ und | =] == 4
i - 3 ua - + F ‘-l"'
L 1R X
N = - - - mul
aad + g Mo Yedh- oy .
I . - ol - mallr =~ 111"
- - a2 -r 1B el | o -
s m ] L ] - - oA -a 3 oo - -
- -m rdfa
il N - Y - m
P N il u —a wel b + e [=] +H
- - L o F | B8 kel | - =
gt . — w iy | L IEI R R
- - o e 1 B il I o -
. A . - a-l ik L | A
- - 3 LY 1 D
- 2l - =1 - - - - -
Sy u b A | A + I
- N - - e |8 "'"1 -
H oI IR il |
- R L T T R iy T T n
. CE T [ - [= L | - -
nranTarnn oo il b - o il | atek | %
e | 2 H® - =l iy |
- b k1T
' ity , wal b L 1 E
r rame e o N . =1L il |
I u
- - - - a = = = - = -
f = EE [ "
L e | A 3 mnafa \.“" -
T 1 F
NnTAThA EIETITAIrFT I A ST AT ATR TR CA RS - -m - - == w el
'l mRUR R LUL ALY LN R AL A RLE LA R L u ot s fu « A
T -l mrm e e m e 3 = = =] =)
L e u u n H - 2k I - LS
mErE rTETE S r mrayd A EFE FR NS SN RN RS NS -ar b= = -r [= - L |
- * rn -r LR, LY. - o -r LI |
L ] - - — -a - -a " - - - " [~
-+ - s - - » - = =q)-
= ul ke u + . DRSS = L] us M it i r
- - Ll FETEENLYFETINENLE - r . - F - e 1
Paits (% I iy w a, Fafigueliatutfia il i ua 21 [+ T -~ M[-
- - - "= rm = LLN - . - - .- [= = -
radEtlFa o AR "+ - au . ol Ar L] += urd
S - =W - - . - . - o "
radin]fn - - [= = - - L] - - ==l
e - - . n arigt u b ua wadfa
- alfu = - = = - - - - - il 1
.- - - e fa o o n o L [+
[ L . - f = b= - - [= =a maj
- - rn - Ao n ] e hedfr
ra - -m. -a - -a " -. - - - P~
b - - ru [ [ r - o == - rarsrsarsranan
eadfalfxr ua . [ = [ u ua - M RS U NN
- - - = - - - - - - - = rm o
waJFalfa - ua PR ua =X E 3N + ne o nay o
.. - CEY . -rm =- d -= - = ==
... +adt+lEe v Ak [ & o - ok E R i - W+ -
=~ - - = - == . - L. - "': s s e rars T s arE T E e ET .
Rl - - M gy e e o JdEST b - vl - S HG L R U e+
-
-u - -r -u = T ry -u - -. - - L g | .
W il o ol n o - s -
- J 1 - - -a L] - - o -nm
4w + LY o o - wn
n na mra ma - T - [~ mam
ETETTEmERRaOTE naTT EmEm - - Fa - o - - s
AR uA NS AR - ma A ey ua ‘- -a b [ = ua - uaa
I FALENA NI RNITX] NIV ENLINE | - - r - o -- - .
e [ r [ -y + - I e
= - - L] «F ol - -m
= o
e 1 "] gl Qi i B i
- = b - o] EEY = - fm - - -rm
- an = u . - ua na
- fa = - - - [= = - - m
- e u n W= - -
1 — -a - - -a -
n - -
rn . LY
= - r -a " -r - P~
ru [ [a r = - -
L = b = - b - ua -
LN ] - - r . - = - - - -
L o - [ T - - u o - g
LN ] - - r . - = . - -
b & LR h= ™ +n LR il I
. -an - . - o - - il "
- = L (] . mr - r - -
- - f = o - fun ua urdl-l v
= = o - = - o - il | -m-
- ua - - + AN W [+ ~q4 1 o
= - - - - [ - - malie -m-
- E ‘o -] - E - [« e 4] =2
L. [ - - . - wa - uoa
- - Fe - . -m mrgfa] fr=d
L = - [N L] un fu = ua ugy 5
- gl ‘- o - . - mrfflal o=
- i [ 2] o fa = ] LET] ~h
- - - - - mnglal =
redrd rr A r it rYnrnmtrdkFrrsARArTreanY e rw AT + h " nre [+ ~ =1 T =
MELmsmamsEAmAEAY EiEAEE mamAmEEman e m-a - - b= Sk T | ol
e - . . - — - mulfr =m
‘ i - [ - by u- LR LB | K
[= - - ™ -r [ = o - F==1r -
o + o +r- + vl 4
— — - fu - b = - mallr am
"y - . - k1B 12X
- - - - - bl -Ir -
[ o - b= ardfa] =4
- fa = o] il | 8 i
- _ mmy faf fr=d
N L - en] 4+
-re
- fn - . PRI
- k=
. — ErErEmTETETE ST ETECEF
fe = . 4 b hUL ARG A s UL LUl UL
- - r
ey ey ———————— e g o S O W N ooy Y ua + + EE] [}
T ETETESAE S FTE AP LB ETETETETE N mETESE =T mErFEEETET ErE . EFE rFESS NN rm -a - -y 1
L +4 H Ar + ey iy
EEEES ELRE FAaEaEFE EAE LE FASEAE AEFITSEJE AEFA EAE R F4aEJdE AEFT SJE AEFA SN LEFS S EAEFES ES E AEFT BESA E R rFraEIEam T EJ EAENFET S S LS BRA NS ENAEFaF mam rs A EAE FISJASEJAEFEr -I-l.rl-I-r--.-.-l-l-‘-.-l---l-‘-l-". ARAEsEEARLAUAmESRAU - i ——
mErArsrsrrrresrs o T rTE-TETrIrFISTETE r TE FIETETIFISIITE ST EIEIEFIFISETEFTIET LEFE T AR EFEN RN INEN L NIN LR ENLIE LR LN LN ER T RN LR R Rl Rl R T R "
T T e P PP T P A g R P R PP TP TR rergegepeepaegrrrrarrrr el L L LR LT LR LN LT LN N TN LT ke Bl b e B b b T e B e
[ AmsEETELE rEET ST E L ErE mw omar B
nraddArntadrATntdekhditndr T T FTFTARTETETAA AT A~ AT FTRA A FTFT TTAITF T FTAATFT — AT FTTA T FTFTTT P FT FTFTATAFATA TAT FTFT TATFTFTFT T FAFT TAT FIET L - . iy - T
o E A E L B B M L EE N M N N EE M M EE B E LE B W EE M A KM O m e E N EE L M L M A E EE M e M E R E L W E R E L M m R M LM EE mE E L EE E AL E L mm e m e TN R R RS RN UL L L R U RS LS L RN EE RS RS EEE AR AN ETE AR R R ARG L LU L R AR L RS AL LR N AU AL L AUS UL C AL UL ALY R R, .......u........uu.u.u._'v'-"r-‘--r'-‘-'- e e ittt il
o ¥ o Whirsh i i b i i i
A T N T T T T Y T e Y R e AT N e m AT AR AT ATAST A TAE ETETAET I ETEEE AT EET ETETEEE RN g e e e e Tl e da Tl heiehriakelahvinini i leintuiniolnialvinie ke elelielvinliiilelofipipiptiyiilyllyilplviylyillyilphvigiylylylglipivigtylvigialpivigtylviipipiviyhyliviiyle
Mrhth bk rAt Ay A P AT AR A R b A A b A A R b T R ke ke b ko Rt b A bR F A i P P U g et s ] M A g b b Al b g Mok o e Y Heb M Al R g Mo M ik o ] M OAM m A e FIETETI FIET ATIEIET AT ST ISTATE A TETIAFA SIS T ATIA TS AT T b MAM fd o Hial ad o MM o U Ul fd U Ul bk B MAM &
AlLLA AR LUE A LAn S FEETT AT R PP AT T R T I T I P R R T AT AT T T I R A PP IR T AP AN P PR TR PR R R ID
-
A
]
]
R T A T cm AT A T e m AT A e T T T I T T AT A TE A AT A Tr o m T T A TaTa dhad o g Tl e T Tl o & AL Rt e ok ok 8 Bt ol B b o kBl kil LBk kot e Lo ol I B d Lk e T T T T T T T T B T T AT T T T T T T LT T T A T F T T T E T r T T X T T P R T T Fa T T T =T T T P FT T T T E T R rT FT AT AT T T T T P T rr T T TaT Tor T ma r = Iy
I E MR W R e B E I  w B FE Mo W T o s N m N E N TR AL L A iy jpigtinSateintiyltel T m o mmm rm e ma RE T E R E T EA N R E S A N A R N A AR F N E A AR EEE AN AN AN A ES S E RS N A RN S AN R ELE LT AR A LN AN TESS ESEEEES Er L ma e -
- M un ARARIISARA LIRS u - o . 3
e - o i
¥ - b -
™ dy iy K -
L+ HELEETER N IR ELE] H nw - -
. | ] - - =3 -'
1 . ar b
dfd p bl bdd kAL A 1 [ . - = N -
AErEELETESEaTEw el X - - -
A, Py i . -
- - o - - -
= o] -
fr * -r o
= - - -- L] -
ek 13 [~ CE - -
il - = - L] -
il 1Y - - -n -
bl [ ] o upm LR | B g
e - -u - "
n 3 A e 1) I
L ] - = - - L
- . - [ard j -
b o aa an] -
- ] == ok 1£] 2
-4, - - o -
bl 1] 9 - [m r J 1= -
= o] -
fr + - sl
= - - - - r . L ] -
el 13 Bl LR wrul]l -
it i E ] nm andfa [~
L ] - - - pr -
ns - . (YR 5 - - -
ek 15 - - b -
+ o ¥ O 4] -
L] - - - - =
- = - = r A | -
[] | T b an]jr -
- ] - LR 11 "
N + - [T -~ -
- 3 - ik 15 ~
mrErISFTACFEAICFCACEARCRTERECT Ka .
At R TRt b hu e ptufiuty el o [+ b v~ R %
EETETETES TETErFRER R EE RN RrR AR LR LR -
b rrrardndAR T fanTr T At ntA FnoTe R A — 3 = - = ==l
ek My MU g e M " L - . . o
AR T EAEN AEAE NS E AN EANAEEE NS Eam
L . _J- I Bl Fmn -
=a - - I ok oy o
il J = - [ e ] L]
au + 4 X | E "
Tl - - mall
d - . ik 1G] "
- o = ETgTr Ty . o gy oy - iy R | |
-~ m r 9 ArataAratatiArArath tra At arrhorn N 4 . -
- mEAE FE FET SN LN FS BN FE ALY ESAE LN S NS - - -y a -
FEFAEEETEEE ETETEEE N mramu ETEramu Eaa rama e e - —_— -
b L L L Ll L U N LU g LA UL S L A NN A N N e [ ua [ . [+ kel § L.
.- .- m-- [ [ - - - - el -
"~ n: - u ol N ., vl -
- rm - oL . - il iy | =
e it ' A aryryraa i rprarg—— ' - b~ ek I ™
w} > L] mEmTE L. - " = - F="1r -
L. e a ) n i Tl [t L .
“': -:.a F':‘ - 3 - [« r 4 -
fa [ - aall
- == B - - = - - r - al
b CE] A or by ,‘, - wall e -
L. Baink - L - cEE 15 -
2 wdrndnranund +t o » - aallr -
~NFr" - - mrara - rama 3 -m anrdfla [~
= rm -re - - - - . af fr =
wiflea [ ¥ " - .
& gl e Yoy g gy = o e [~ pEgiu= ol |4 g i o ||
T~ A FEE T Y T " b - et bh . P N ArdrarsAFrrdne A
i EE - = - L. - . N [ -m
wijr= s -rm -r
L. Patigh * b + 4 - 2 1K sk fagh E
== - - Y A . -rm -m
4] e ' . e = [ aalle — - - E P rale'giririg-u PN
wf == - - ity ¥ Satel | ol -am -m ErTEAENSE EESAE S AEEa
I CE] [+ = o M . s wal n Th LE ] e i -
wlf=a - - [ e 4= -am - - r o
b [= - - -
¥ fr + anlr
r [ " & L uaa -u -
iy = - CE rxl .- ':“
A FEEA A AN FETa EAR rEES maR T EES mrEmarEm - . e P = "_"_‘ iy = =m
nrerAarnAar?YrrdradrarenaranT Yt rrr-nAa A " N u b « 4 F s haa -
TR T AT T R T RS TN TR T - - - el - am
. - o h LEEX 1B mm- -
o b - - mallm kel .
F .- - k= . - - P
[ o - [ "
- - - k= . - . mam
“nip " - w —a N [}
- ot - T . - - mam
=1 ] hory 5] n= a il
- ~ - = b - - uau
mmifpif]r= = -
= -r - ru a
-+ T - L - L - . +hu o
mmili]r= il - il - s -
b~ e A - rrbipivay o L ua - LI [+ -
Y XA KT . . - - | [ -a
2 = n LEl 3 Al - = L
it | v . -ny ol -a - i -
- = - b= b - - =
. un A = -
- - = - = - - - -
“+I N e ,‘, —a - 4
.- - Em = = -ar - - -
ittt N - LEE ] n= a il
.- - = 3 - - uau
mmifm =
o -r - b
. + - U o - *au
il - - b L -
- n - b uyy N " Ak
- I ket | 9 - . - ol - - -
. -n - - "
A R aTETEEIEIEFEETELECS FLET =]l L - .k - - -rm
Fabrnrdrhrarn 4 T n T i npg g dy b by by b b b b Ly —+ 4 e
e e e . = - . - -
il [ 1] b= rafh - - mam
-, Py et ") 1 - £y -Iﬁ-|r|-rr|-r-u+-r
Ll 138 L - g ) - - mam smrEmaman
== 1t -y e i Fa R v e e AR A AR
el - . - - = - - oEu
"1t - = h - - .= .- -
L] £ . i " - H o -+ - L
= =N =] -y = - -- pr - - -
- L | AN u by qa " h++ Th h -
= =41 - L ol T - - [ m -
- LR [ - gty ¥ b Py = -m - r
[ e = il L - - - va "
- - - - - . - [ - T -rm -m -y
Udr—rrdid+ktrhthnrrrd rdacd it ka4 il it L R TR L L d Lol Ld dd I mu ta JLE -+ e
EE T TR AN I NI AN I AErI EAE AT EANANLI AN RN L - - o E E o  E m Em e EamrEETEAE FEEEE -
+rhrn naonh A e S g gl P - i rhmrarh ke ATaTh * -
.- [ -
T T TR T Y T T AT T TP T Iy T rrr I rrrrrrrrrrrrrrrerere .. - . _J bl -
P N L e o o o Y Fa = iy I [a o
- -
[T e ——— Y - " FrrErrArirrrrirerr TAFITHNEITHAIFI RO ETr FrYiTHilfiery TR EY o irisTrgrigfTrrininErerrirrayyryyYEYrEYQrYYiYiIrYrriTErAYrarrAEYTFARE RN FiIriare -
hano T e naddd ] T R AR TR T T R T AT R TS T R T T AT E TR T TN T T PR p L M U AU R Ml b R U M bk B0 o] 8 A L e U R LR b A kR L i R Lk A LG LA bk b 0 R U R R L s L G R LR e L R R G R L L Bk A M Mk b A d kb R et M dk b d b A ddds g
T L L T L L N L T I R L T T T T I N I L @ rErE rF TS ErS F IS S ErS FTES S ETErErS N ErEFE S T EFE FY ES ErFE FY T ErS Y B rErS Y AN FE T NS FE FE SN FE T ESE S ST SIS FE ST TS FErF I SIS rEE T Ereramy PP FEFEETE S ECES B
r - o . o e ) Y Tep— -
F-.-r-.-. .Y b T,
TEISLETE ETEAETE ETES @ orE & - FAE LE FEF 8 - 4 F N LEFS Fam R rE rams -Er -l.'l"-r‘-l.'l"--q‘
FT A FI T AT FAF NI TEEFIEIEIFEFEAIAIATAASAFAFAAG I FAFAANEA ST FAAIE FEFAAI TIATAA I AR FEF T INAFAFS EFI FIFTIFAFAFIFASAFG IFEIFAFAAFAFA FA EFAFI AT EIFAFI FTIFEFIFAAIAFIFIIFI AT CIIFIFA ST R P
¥y  Spigiiiagigtuia BBl bl bbbl Bt B bl bl A R e LA _":_"‘__‘_“‘_"+h+*vrvH4Hn-!n-l1'H*-l--n“--l*-l4-!-'“**n-!-'*-l‘--lr--lf-r-i--l*-ln*‘........“.........u.........u......‘.................,,..,-..................u........-‘...\‘........................................................................‘...........‘.........u..........................._......u...............“......*u.uhuu‘uh*huu‘uh*huu‘uh1
¢ - "~ T 1 — — -
TIEGEGE rTrneTE T Frrarrr rrneTa rrranET
MiaLau g MR LN p A RN N [P AU LGS
Frer e rmm mammEr TEmmErm T mwEr Tmamrm
iy el ddy gy il dmd pd e rr Yt ra AT RFTFATIT = TTAT= TP FTF—T TR T T ¥ Ll il d pd pd pmr oy rS ra T P AU AU pd el — Y My mr v ra T T R TR R PR AU
LRI T P R TR ET P I E TR i - mamwmrs gy AR B R R L E EETErE RA R LR rE s EmErR A NS RES RAN A REE E EamrE
+rwrrh A Y hot ¢ b rnftaATA Artrads TEETEE
XILETEY = mamamr b mamam LT I-.-.--.-

- mrarem rrrrmr rara A kv
aa PR g, FETarrPag Meuaaa
A Em EEr A r ANl AL A AN R ErE EIErEr R AN TErE R R R R EE TR RN AN R ErE ETErEL o FE Ny

S A R R L A G A Ly AL U RN L UR 4 PR AR ML U b U b R A R A U b LU R FM L AU R

EmTmam EammEEm (LR FREEN] resmre .
rdwrd raf Hres =4 - hAwrd ra mrarsrs
LA LETLE LLEET &

-

STLT STL1 \ STLT Voo
GDp-3) (GDyp) | (6D

SIL
GD-

FIG. 3B



U.S. Patent Apr. 6, 2021 Sheet 5 of 12 US 10,971,047 B2

i

L



@\

an

S .

= ¢ 9l

s Y

~

— vl 7C|
Z —A— GOl o0l oWl 9L Z9l Sn_ ¥el 8L TrL ¢

SO 0dS9059 0459 4S9 _, 4S9 d4Ss92S90aS?9 __ S J
JOSSA

M L (N VN LIV VAL ]V

2 4_.%‘% Rl AN s

. 4 v AN

i l-.—s.u

—
e

Sheet 6 of 12

S:
(f'}
=

Eo

Apr. 6, 2021

o S9 (@S J J U S
Jh IH . ._ o
£ 91 191 A

U.S. Patent



047 B2

US 10,971,

Sheet 7 of 12

Apr. 6, 2021

U.S. Patent

LE LI hk
. Fra ]
. ]
]
. .
. L]
. ]
r
"
]
LLILES ] 4 M
Y
Hor -tk i b rarte
. LLER LA
: dpid mgpay gRIEARETEELEFE IR LFAREIE RS 0T P PP EEREDARCIRES R R R R EFELE AR R 8RR RN RPN PEYEP]EE LR RN RYFE T RELEF]LEiE R0 TR RF L RPRELEF1E 0T LArEEbArCLE CaE IANANEF A EEA FEAR PN AL P BN EEAR LAR FIEES P NFEAF ERF TR FI NS RE LR TR
Y B EI N b NCA N4 BN PN LN NEd NET NEA N hANCAN b F N N Fd hCEAN NN N NN AN NN Edb FINCA N FL N b4 Db+ d N FONFINC4 BLLNF4 NL4i9 N ECd N EI N
¥ o ———
L] " L r
T TP T YT ] 1_ 1
MIN NN N+ N NENNCHNCdN WA N NI N TN RCHNCHNENN R4 R N NN NN CONCHNEYT NTI NN ENTHN PR NN N CEY NFd NN ON+0 R+0 R FO OCO NCd NNIN FIN AT P+ 0 RL AN FON LA P4 N N N R+ NN L AN CON R ORI N AT NN PN N LN ERNTI N FINFI NNIN TR R+ REN MUY NFINNIN NTN T FIN AN NFN NCNE LY ]
nq._._‘:.._..‘-.___-._‘-...__-._. Fradeartiardapiprtlabbaddpbanrdaprdnlnkra pladrapbddprarradrarrarbanbrnbrnpradrdabndbanbapbrapladbnararlanpdafenprarrnrrarladpdaprdprdorndbnpradraphddora prndknrradrani -n—_.___.__.__.:‘-.___ ] . .h__- ..._.u
._....u__-...u--..n_ w oy SRS FIELDE N -...-wn:n._:-u-.n._.u:._”_ ] ' ] C n
T i1LE ZERL ET=q f=rr Trediar LR}
Y ] ) * WAl hkd
R CEEO L ] LR LE]
LTV A PRI ) . 5y &)
40 gl N ] 1] + o
nr Lk} T 1
] [ b Ly 1 re Ld
-+ x 1 [ +] ] i1 (L -1 i
=T " . & -_ .._- LAY _.._”_ .._._.._. A
L] . 1 ] 1 ] |1 ] L) + i
L [ L] r4 ] EY ] LE) <1 L]
__'... - Ld T '] Ld T T Ld
. [ £a ] 1 Ry rd 3
0 (5| : : i 5 : ] iy y ; 4
E 1 L] rT r
gt | A | K ' X 4 u L » 4
-...._.- _“_ -_m_m -n 1 n._.u LI ] EIL] L] "
: e | o1 [ e i Ay £ ta A y v LAY b !
1 FTEF{ R P 2 FLES r . n._- n --._.u " . I -n -n._ LR LR L
+ b 1 + L] ] > 4 i F ] * *
L] n._ -._.u -n 2 _”_ 1] * i [ ] [ ] i1 n+ L1
4 _.u ._u._ __-._. 1 A L o 318 ) 2% WL o
ra 1 4 [ ] ru r £
L] ] Lt LS E- E] rd T L] L] 10 LE] L]
o n._ -._.u .._'... LX) 4 1 L] ] Lk * 1
3 2 ] 1 1 ] 4 [EY [ F]
i .n._u -nl [\ -._. [ Y] ._.- ___.- ..._ __- y ..____ .... __q._.
o ._.....- ”u rn..n_ .--1 1] T El L] LIL] ] cn _.._. ]
" E 1 1 1 ] ar LE]
L1} Bl | LS Er k . Fd iy 1 .._ :- ¥
1 -—.u- _.h -.u_.._. ._-._. 1 . x (] cd i1 ] L] i
1 rredererarTabr gl e TAPT . E _m..._ “._- ..m_ - -..- Y A 1_"
ihh+ LIl =1 L [] . LX) * £l LI ] L ¥ +
b ] BT 40 RT-ANCRRRE €1 FHE+ n b2 1 _“_- ] +1 ] ._- LN | [ K] T Fanrsnnrn AT NLY
+ L] L] ra L] 1 ] L] T k raikiprrrrTarrr
L] L [t L [ 1] 2 ] Ld d a1 ] ] L] i k1 ESIEI RIS ETR LY
Ny | A k T 1] ] . r nn [ x F]
1 4 ra r [ 1] . 1 [ 1] L] L] ] LY L4 L]
H | o p s C L] 4 ] 1 L) cd + +
1 L | s kT n4 [ =1 3] £a ] 171 18 n3 n+
] | RS pr I ar re T ] LX) I ] FEAFTA P4 FTA R IAPA PR TP
L] LA | R L 1 uf i 2 ] Ld i ] b Wi ]
. n -.u.._ ._--q 41 +1 El ] L] < ]
] L1 1 A - 3 r4 L] L] LE] X}
o | e A 4 b [ X] » ] Lk bdbdd L »
L] F £3 L i " 1 1] L] T NINIE] LE} L]
1 r Tr re T ] T T
1 r T il i L] Ld d LK bk
o n._ L] L] I El ] L] +
] 5 & 7 N 4 i N
1 nu -._. LIL] 1] [ 1 x 1 £a i LE] LE]
FINNIAFIN NN ER] 3] T C I
Fromapiy o L] k F Wdhgypre by s v ] 1 L 1 Fa 'n "1 r
o nu L] +1 ] L] L] * ] ] +
4 111 A b3 L] k 1 [F] X4
1 T o 1 t 'y r = t
b £y | L1 X 2 ] L (L] [ K]
T anPIRETRNL 41 (1] 1 C i
1 1 1 1irdrT L] . E 1 [ 1] L] LA/ ' 1 a
F 41 2] il * + +h i
1 LR £ 1 1 £d +1 LE] ] E] LE]
A L] ra L T 4 T r *
ER | X d E 1 Ld in gy X ]
. I + 41 +1 E] L r £ F
S o att e Ly b e o b
a ER | £ r [ b2 Ll £d T LE] LE] 4
+1 T r re T 3 + T 1.
1 1Mk n [l E 1 L - LY 1 ]
g +1 r+ 41 1] El El L i 1
EA (5 W o fy ) oY i A
1 ER [ £ a P d b2 1 £a 1] . [ X 4
+1 cF 41 (1] T 1 - ] Inn P - C L}
1 'R | £ 4} [ 1 Ld i Fdnbaghld biddbun fdpbanyadhla hbghk b 1
*1 [ E] 41 cd 1 1 ICENTER] . +
1 E] E] LI ] 4 L] L }] LX)
- . . L d I
1 ._..__ il ._'__._ .‘ 1 L
. 5 e 11} 1 -._.... 41 [1] u._ -n._u--._.:...:._.h H....-.nﬁ.-u..-....-...-..
adm - wddm - hrm
1 Fu L i) Td ¥ Lo e papm L
1 i E] 4 L] ] . x L] [ +]
4 o |8 [ N - _“_ hA
I 1 3
1 L] 1 4 b 4 L] 4FF4ECT
F Eh [X] 1 Fdd bdbhid hbd B RF Fd bk hFd b
i L] LY |E] 11 3] £a nsxsmas mre n HILE L L LELTE]] EX ]
£ n re T CAFFAN P4 D PT R F+RF &1 " H 1
! = LR | K] E [l Ld hub pAb bl d bLh bt db Lhh haf btk . bl
4 1] 1] ] u ]
) y . L1k . F o "
.
L] L L] (R |l 314 £d ) 2 TN NI ML RCE ARE NRd
1 _.u " n.___ 1 ] q...- u- _“_.- ) -.. 1
1 LRI RN cn LE] T K ¥ alg u + +dn
L] n._ 1 I L] _.u 4 C ._.u —_h- n._- ._._- -._”_ -._._-
. .
4 _.u . . L L | ‘| L] 1 E] L 1" LI 1 it
ra LE] 1 cu 3 [ 1] [ L] ] + ©
1 4 L] L L] .__- r 1r - 1 r e r LA L]
i ._u -._.u L] - 11 LK 1] LX) L L1 ] L] ] * *
LR | K C 1 1 [T 11 41 [F] -1
1r 1 ra LEJ 1] re 4 3 L] L] ] T *
] _"_ r.__uu o L] 4 + 4k . = ] £d 1k In [z ETNTAY | b+ d [ F]
I n+ 1 Iu 1 3] [} ] + FAEFAR IR ATE £
1 F LA 1 4 L] 1r [ 1 rd 1r re LE ] L]
=L L] Lk L] Lk Ld * ki ] ) L 4
L] £ ra £y &l ] LIl 1 1] 1 L) LE) €1
A h -wq._ 1 +1 T 1] re T [L] ] L] ] T LLELILE] T
ER | + 4k E [l Ld 4k 1h i iy
b | L L] i LE] 1] cn + L] 3 ] ] L +
1 E £ 1 L] T 41 ] L] 41 40 LE] L]
Ll | Rl - I L Ld Fd + Lk d d h 1 +
1 _"u . (] 4 £ i 1 £d +1 L) LE) i+
1} T 11} . + P 1 (1] ] ] T C
1 r Ed ] F ._.__- L] rd L 1 ki kr
A _m_ L] +1 1] ] . *u E] ] ] ] > >
] . i (5 : 1ld o N qF . L 22
i 3 E] L] . . 2 1 ca 4 L1 ] k1 [ 1Y
1 r ralh s . 1] ] ] r r [ X1
L] F ] 1 1] 4 T LLERLE LN EL NS ]
1 L] 1] [ | F ] [ ] E) Ed b Cd B4 NLLbl+d
1 c L) L L] 4 fa ‘ & 4R R+ R NP HE] T ER+ENCR R PFIRFAN
4 rd | L o ra [ L] ] LNl e e b ks ™ aardapTodTe rt pradra dml
1 f LR | E] " #d WE4 BhAN LAk bdBCkh hFd WEAN FdN F40 b b kT4 L dbCdk FI B L4 NEA CIMCANEd bk LY
L] ra jE4 L] L 1] ] 1 — —
1 1iri FFA TP T L FAFFTEFTIF H1 [ ] | by vkl v plrapley -.I-.T.] ] l.l.- L]
..__._.m;__._._:-n._.___._ u ._u.___'._.:._.:_._.:_ —.- ._..___ WLd b Fd N Lhbhdd bl d bl bhbl  hIg hld bl b Wdf bl Wb d ek d bl d b hd b pd b bl kbbbl b fd bld bbb kdbdd hld bl hhr bl bbd Wb b Ld b b bl b pLd bkl hbod kL d bl d b wdd bkl b f bk d bl d b Ldb bl bl b b b hLdbkd b ..n..._.... h{ b khbhld hld hbd h+d hhq
A .
4 1
: ; ! ERIIRER ii] 1 | m { | _ |
b L] hii-—m—i;- T T o1 T r 1 R
- furduldyg boppddfndbldplabbndbndfdgindblapldgnldplyudluyprhbld p7dnlf _-_....--.-._..___-__F._.- ._-_.....- ..-.__"._-..-—..___.-._n.—.__-____-._.u._- ..-._.._._- ..-._u__..-_.q._n._-—_._.._ ___m_.‘____-._.._- ._-._....-'n_". —“_._._-..-._ ..-._-._”_._-._- ﬂ- ._-..m_._-._-._.-__._-'—“__._..-'—“__._.___--._“_-_.n._u_. ._..m..__._-._.—m.‘..-_m_.._l-._q.m- ._-._.__.-.__.._....._- —_-—_..._- ._-.—_._.._-.-_.—_._.. ._nh._..-m.u-____m.._._- ..-q.__.-._q._ -—..__._..- ._._-._- —_-._.... LA ._-.-”_._-..-—”_..__._1 __—“___._-._—“__._..--._..._-._-._”.-‘- —_—_-__rn—”_-__._-—._m_._..-r___.-__-._ﬂ..-'-h.-._- [ '-._. LA __-_.—r__.-'nh__‘-._-._...__-..q._..._-._._.._._-.-n.._n._-—_._.._.n._—“___._1 AR __n._.._._-'-._“.._-._-._—..__..- —_—_-__._- [ -—.__m_._n__-.-u_._-__-.u._-__-—”_-__-—“___..-._—H._-.__m__.-..-._.-._-._”_-__-._.._._n ._-.—.__._..-__—r.__‘- .-'—_._”_._- ..-n. s __-1—_.__._.-._—_._.-.-'—_.-_._.__._—“_..._- ..r_.._..- ._-._.—_ -—”_.___.-.__—“___._- r—“_.__-__._—.__.-_._--._”.._‘._-.n._-..-w-“ —_—r ._- ._—.L__..-..H_._-__ﬂ_..-_.-.n._-._-._”_.-._-.-m_.___._-'._"_._ _m.u._-._-._”..--._“.-._-._....._- ..n_...._- l-'-.-.._._- ._-._.....- ._-._._____ ._-.._"._”..-.-h..-._n._”.._- ..-q._._._-.—_—r__._-—_.__._--r.ru-..-hni ._-._.._._-
. ALAARI AELL L AR ]
. Mriwbinber  Areciordreeter wirarbrattr wwtrarhemrbrie e, Tretrwirirer srecbertees cherbeeiond Trtwrdewich, Tt etk wrhretrainir etk rhrwhratrackar! ety rerbrtraie rerarwtrarbr wirarbrere
. PRANRALE  RLLALLALELE T T [ e L T ] AEAmALEEL  dEAsLm Am i B LEALLALLARAE LS L L LR Wby e
. R r P PP AN PP PP R AP CIF CAF BT R P B FFIRCAR PP P B P PR PR TAF CAF R P A BFA PR FF+R B PO PP BF4 PP NP FAFTdRTA FCARFAFR40 P X] EEA P4 R PT r4 FHAFCAFFI P P4 FFABFAFFA AP +1 F FIPCIRCA PP ir AF P40 PT A FCY FED
. T ] Al A E ik kil bl kb4 nl] Ridli i hbd b Lk kik ElhEd b E ki bk Rl bbbl E s BEd dbd kEa ki hdh bty
. WINPCE R RN R AR CAF NIRRT T TPFRIFFIFF I NN AR A P TR PP AN NP RPN P P BT PP NI AF TP R FE P RF Rr A NEIN PN BTN AT P AP PP TAF FI N AT P AP+ AFCON NI NI P RTRFA N N EANTIF I RELEF TN ETE PR R TFF+A P TR RCOFCA N _
. -hu._.__.—_.__..:.‘_.--._ __n.r.__.'q-‘—. -._.._-__—i.. I -._..__..__.....-._n-.__. -.__.._._.._.._._._-._.-1._..__..._.__._..__.'-._.-._._.- --__—..__...n-.__.—..._-._._._‘_.._.___.___._... __-..__—..__.._-._.__.:.__._.._..__.'.—.._-._..‘—.._-__—i.__.__..__-._.-._u.__...qnn—.-._ __-._.._-._..__.'...u--__—.-.._i‘_.—..__.—_-._.__.._._i -._...__.....__.._......__..--._.___._.._ .m_.___ 1 L
) 3 wi WL T T T T T I T I T I T T T T T T I T IT T T Fa .n..... 1 _._"u
rpdrbkarrrarrardrrrarkdrprad Edr P A PTAPT A PP AR FIF B4 A PT A AT AR FAE TR 4F iy T
b ] +dlHp+ HRI N b+ N b+ b AN Edh B 0 hd DL B b+ h B e B bd B kL NN Nh+ONCd b0 hdd Db BRI N RN b0 b0 b+ d
[T REL LR LT ERAR RN B4E 10 £ [F] (1]
LA T LN L FPTAFIFFFA P A A rd AP I FPTarFTIA AP T PL L It 11 T
i Fd TFENEETTIE L E1 b B4 B k4 4 4 Fh B Cd ENLF] +1 E I D
CERCENINNTIN N LEYLE LR ILL] . + T rn Ldfdkr
LT LEER] . El F1]
VA ARV . . “._.._ Lu AL ..”_
-n- b . ] £d 11 €1 [ K] [ ]
;3 . A1 & ) AP W
-.m_- (1] 1 u- i H C C
“ iy iy ; WA .w
-.qu- N Y TYT Y 2 n 1] ] h-- €1 k1 €1
FAFEIFFT ] + +a il T
-...._.. _“_ ___.._._. .__.:.__.._ [ ] Ld o e | u-‘ *q L L
41 3] 1 ] +dlpc L
+ujEr r ] ! 4 F4 JE i r CRRCINC N LA NC NP NP+ D FR B CINCA NNA NP +R B 40 B 11 L] LE] [ T] TENCHFTR P41 OPO N
LAY, | & LR (2] T JfbrdplynrfnldabygbbjdpqhbibhlunprdagddpdjLidy L 1A 1A liipL T Fdpkqpd ghpddqgy
L1 F 0] 2 1 £a - El + Nl ] L CE] 1] + NN Ed RIdNEDN
L | i T (1] T 1] L 1A X 1 I + C 1 1
LR |43 N E X 1 Ld nT 14 L1 rT rn
41 3] 1 1 Lull B ] N 1] ) cd +
.--._.- n._ ] .‘ u‘ n._u LK} " 1 LI -_._. -+ ‘-n- -_.n__ -—_-._.u -._._.
.
+ L ik - 'y Ld y 5y 1 X .__- A 1 Y L L +i
.n...u__ _.u " T ) cu 1 * 1L h ] ] * H C .__...
Lt | & oy f ._._ u ¢ -._._ 1 N 1 ] u ALY 4
-.nu- _m_ -... i b2 1 £a i l-._ L] r LE] €1
1alhr + JE, I & L o 1K o y Iy A L | &35 il LY
31 1 L] . > u ] ] L1l 113 by [] 12T 11 ] b ] r [ Wi muas N El ]
ol |14 L 1 r LE] ur 1P 1] LE] FAFTFRFINF{IRFAFFTP
i 4 k . Fd 4 4 +af L _l._. [ (X} d 4 L 4 Wik bhld Ld bd Fdd Fdd F
-.n.... _m_ ._-... . ¥ i 7 1 “ral b -q o ' | £ A
] |47 ripkrin LER ) . E ] Ld L) L] L] L) Ld ]
LEY | £ e SN 4 . n a 3 LEL L ey | o4 .q._
] (| T L L EA I L L L] 1 F4 LRt e 1n ra i
- .
A | G | ] W = Al = \ LY W 1 B3 AL 1Y 10y
[LE | 1 r ] ]
LRl |13 T 4 Ay i by L] Al 1y ._”.. N 1_m..
&4 1 L] cu El 1 LI A Legfn 1 Hr
-.nu.- n__ -...u qn b 1 r l-._ u._- an L] i T TF T IC LTI PFI LI LY L]
._..-..... _.u -.._u._ n_. ._.u- & L] -_.r -._ u.-._ ..u____ L] ._”_. 4 T TR RS R = Arxn dbd aba b eipy dpldplebldylydindrs
L (9 | Ry T ) e N N ] L)) ) . At 1y kA | 5] AL 2
.._.n._.. n._ ._._.u . ) L1 4 Leb+dNCIN Wl b bd BRLENL l-; ] u- calf pd i i 1 f]
B 1 R YA NENTFINE] [EIW T ] El £1 [F]
L] 4 + L) I 1 4 Ll - ragfn 4 1 T 4
ey Lalhr b o FTIITTITI L L T Ty ] 1 £d L) 1 Iy 1k Y] L
VL ELR L EN | £ | GERLE LRI ._—-__u:...-...-.n n 1 LEs o E L i1 Ak r 4
1 erar+rararcfir i crnrrErndnrTar T FPIFFTEFINF+ E 1 M - r El I an rr] 1
ihatditiast dpill=+ | ICET Y ¥ L L] ] B Lull fu N 101 1
[ L] (13 | I 2 1 £d L] ERL X 1n L] ni
LEN | A1 | LR 4 ]
LI + F kn q._- _H l_.—. W 11 Y .—_._.. i ..._. ¥
| o (] [ CE ' ] 1 ] ] L o [ b 4
rn ghballny oA L T. ] . W | | ER )
] ._..-.u. -n._.; ] [ 1] l___. ._-- ] *u [ ]
. T £ 415k i o= Y " 10 b G | ok ’ e
L5 L L] > + 1 + iR NAE KLE RCA N +0 Bk
1 bl 1 . 11 3 [T} un 1] [¥] IR INTELILET] [F1E] imran
o -...u.. ) . r T L 1 T rirTn NPT N
TEELLL] . g nu- _.u- ._..-.- F _....u
1 TR EE . . 1.3 n " p FY] LY
% . ' X ] 10 B
1 . =] E] [T} L] E1] i
re T 3 T kT
Ll . ) all Ld F 41 %
. +1 F] £d 1+ ] ] 3 [
" . 1k - L EALEI R L L] ur r n
, . [y L Ldd i dbddudiddk " Ty Y
1 =] ] [T] L] 1 1 €1 [ ]
L] 1] q._n & Y ] '
. n 1 T W
1 0 a1 1 X
4 e il i ke ol il Wl b T
L] L) ] ] [ 1] B30 k0 BFE b+ N RCENCANFdR LI N
[ (1] + +ENFRNEINENR F{ R RFN FTRF 41 TRRFAFFIRFA R F IR EINFI R RET RPN FA R AN ET NPT AR AN FAR PO R EI R ETOF PP FAR IR FEINEINETRFINETIRINS FA{NNFA PR RARRAN NEINMT RN FRF+AF TR RN PINFI NN RF+RNEV N NEN NE4 N EA
1 kel AR LLE L] 1.z rd 4 hdu hfd uid qk Jg htd FLw bid p wkdd klgp Ldpydafebb]h gl b bn b FEEF) ] prdurdptngpid by dud dprdndduyd dpddprdpdgprddrid ad
Lhb+db b ELdbihhEd Nid o " . ¥ . i, il
AfFrnnrnn+n NN ELIERLER LK) a7 £a ey | £ )
r r [X] [] L] T
4 L L 11 X ] £a 3
-...._. -nq cu + (] 4
+ ol . o [E -._u_ [ N Iy _r_._ 3
-._. -_"n 2] 1 1] A K] BEEEFRIR LR 1 £ -_“_ ]
T T rddeTar+n 4 a0
Fd L - 1] (] Ll e 5% i i [
'. ._n...u -._. cu u._ ] ] L] i H c
4 1 L ' _m...- 5 [ iy AR % "
E L] T ] ] £a 1 £ [ L] NCINN+RRTE RCH NRY HLDN
N | A / re ra T r [&] I S S N e
A | A AN e ¥ L4 La b +d .1
| il iyl LaLce £l EN ] 11 LAl R RCTRILTFRLRLLE U, 3 o
_.h -._._._ 1d I 4 d q 4, 11 8 1
J1 3 [1] €3 +1 CE]
" o o [ " Al
n._ nn...u L] -“._ cu _._u.._ El ] E] H R F
3 1 kN R €1 nd
i r 1 ] ] I ) 4 L
F i L] —_. S L Y L R
JRQC + L] [ 1] [ 1] ] (] 4 HiT FINFINRAREER 3
r ra r 1 LL] [ 1] L] L] L
I+ L] L] L 1 ) i Hr +
E £a L] 1 (1] [ +] £ 4 L}
L L] L) ] ] Tl r ke rrd ¥
LEp+3 L] [ ] ] Ld +h i L
o | i . 1] ] . EX 1811 X3 3
L] F L1 B . ] 1 r LA LE] L
J L] ._l__ ki ] ] LY | K 1 E)
1 . ___ . . ] 1 1] €1 LE} (1]
. re 4 ] X 1L A r
JEN b |1 L] ] ] La Y] WL s
1 L1 g ijrn L] El ] i Hpur L
L] 1 L] 1. [ ] 4 1] ra Lk L1
5y ey (] “JiF F ] Fd 4 . L L] ¥ »
L] .': .n...u. _.u . u ] 1 £a 1] LE) R 1]
L] ._-__ T ] L] J h i A —ﬂ F E....m L " 1 .L .._._.._.
i 4 L] d LA RLY [ 4 ] +
L +uf+ ] . a
LEY | &l . ] i .._.-._.__.....L L kol e i | ey
! LA (1 L L EEdNEd NEIN k40 h+0 b LB GEJ NEANEIN k4N NN E+ b BEJLLEL AR E4A N ) AN h+d b FTNET Nb4d ON40 b4bh REd NEANL]
m- 4 0 Mol el irlinirdlil il kE 1 FA P L]
1 TrRRF 1rk L | e prip i L] ‘'’ ey i ‘nhilriyr riy'nt iy AyriaumPiy frbuiphiphybiriyy’ oy gy’ b iy o dyripieriyedr ‘yitabuipiripiey o far i L e AN PR P PRI PP AP A FAA T A P A P AT AP T A PN AFTA AR T PP TIPS TAFEAATA PP IR PR
himEd Ehibl Lk ki Y Al Fd B hdh b0 bLlBh Fd B Edb+3 N bI N L B b+ OhFd b Ed bl B bI hhihbhd Bh+h BEd B Fd BEI Bl BN b +d b d bl T Db IN b4 0 hbd bt b BFd BEdh b N C4h b b b B bl d b+ d B Cd b bI b DI B bt hbAhbhtd B hlh I b Bh bbb btd b +I NCI N b BhdN bk B Ed BEd BhT bbb Db bbb BFd b+ b B hd B R4 0 NI B I B b+ b+ +dbbI b B BRI BhLd bbb B Cd b b N BN Nh+h B LE B Fh BRI AL a4 0 bid b+ d b CdN LAREd NE4 B4 Bb4d O Ed NET W Cll b4 NbLNb40 bbb BLd hhd BhIbbA0 b+d hih BEJ
1 . 3 AT R I NI RTINS IR TR NI R T ER I VR I N N RN TR I LR R I LI N N PR A N I R T N P N LT R R RN T LI N LI N LN NN IR I AN TN I N FE N LN R I I NS TN R N R PN N LR PN I E R TR N R R R ER I VI N LI N RN AN I R I I N I N LT N I NI N LI N I N LI N PR N R R IR T NN TN N LN N PN LR A PR T H TN T R LR I FE LRI RN NN NI N LR EN T N PN ]
4 'y 1] |m m m — -m m u m m m — — TATAFTIFFIPEI AR T ArTyr AT FrAab o prbrra A P rbar barrihrra T
1
— — —
) A FAAFFFFEAFTA FAFTS FA{EFTAFEARTA FFiFFAFFAF FPF4{RFELAFA EFAF P HA FFTARFAFFAR FTAFFAFFAREIFRTA FAFFFAFTPPP{F P4 F FTARA F PFETFFAFRFAAETF FEAFFARFAFFTAR PR FAFFLA RFPP FAFTIF P4 P P4 FrPEFPFAFETPF{FFARETAF{AFF4ELTF FI1AF FAETA BFT FPRAR F4F F1F FTAATARFIRFAFETR 4 FFTA FAFRETF P4 FRAFFTIAFAAF KA RFAFFA PR FEAFFEARTA FAFRF4FFFAF FAFPF{FFTARTAF LA FA{EF{FFTAFEARTA E1FFIFFAFFAFFARFEAFFIRFAFPIRF P40
2 nEd § 1 XYY L FY] Ld b FIBRT AL 1 * et bdl ki LukidbLld ] Y] i Erdblbkd 1 ELdbLlhht i Y FINEINLIWbINbL I ekLlhhdd bih B halk Ik bhLh bLd bl b hEdEL ERTENTEN LT ER TR + Ik ik B LA N 1 R Y] TS YN Y] LhlLd bik ETE T ik




U.S. Patent Apr. 6, 2021 Sheet 8 of 12 US 10,971,047 B2

STL2(GDp, STL1(GD, s

STLZ
T11 (GDnt) / STL2 HTL2(C0ned)

VSSQ3 —— T4
T VSSG oo P06 S GDn+

L

i Atk
VIR T PR b Lkl bl o MM MM MM .,,".,,‘_":::.,:_::.,,‘_'.,'.,‘:.,":_.,-'.,,-*::,_-.,:',.,'..q.u..“...d+...H.|...“.*....q......u.........,...q.u..‘.u.....u.q.....*.,..*....*.. b e Ay n nTaT - FhdkFankanTa ka4 +Fithrarran LR R N Y A4FhtrarrarriararrarrarranrarrfdrarrarrinF ik rarrarrari rrardd Fd Ad A - "“"'__"'_."“"'_.':"_"_““"__""_' el e ]
-mmam m-mam memamssssan s e e s T e E T E ST N AN EET N ELE FA N ETE ETE AN EEE EET ESE NS SN ST EEEEET EEEE ETE ETE FEEFEEFY NS ESTETYI N FE N rESCEE mrmg*?E T EREE EETEAE ELE =R m-nam mEALEELES L= mERAEEAERLAE R TELLANEANRLAE EANSAENRTE A EETERT R ETEETELAE g SRS ELSERTE mEEEmAEEmLmEREER - -
I : F
[P Ammamsssmal - '
- -
B ok 1 0 i et Rk & B bk ot okl o L ok R ol L e & ekl f ] b el Bkl Lk o & ot ke ek g 0 g A Ak A b A A b bbb bbb bt A il bl A ddg U bbb T T T TR T T T - rrarraTrrarrrrraraR v rrarrn e arrarra e rrarrr Tan AT T = -
AR R EEARELEE AR RLE AT AR E e LRI ERLE - . T e o - u
. -
- - F + h K "'_ ;
. - -
- d £ —. 3 .
— " o ol A b L odaaa L il +ifFn e | X e N =
. A [ L e} EmmammLE mam = E L i .
. = - =" - L -
- rE—rr—TT—Tr—T T PEEE LD au Sl | F a -
e femrsmrsmrs e Ammarm mnm ma b= - - f -
o - . i 1 L - -
bt - - — 4+ n . -
— - - LN ] prm o - - - -
I - = - -m " -
.a ] au L+ JE~ L . -~
= . = = 4. " - h -
ru - ru r = i ™ - .
b - b g 4 u R *] H e
- - . =3 - L
SR - - -
aa | = s b+ JE - r"_ '_"'
I r b an]la] == -m i - p
u r = -. - u = - LL B - ]
TR - ==kl 1&] 1 &l 4+ | EF - . "
[ r rmfdhydr= r = o k=] o= o - -
=T = L J = . L J ram - ra - - . " .
paly B ot | iy ] Pty | Mgl 5 24 I vt - -
e il ae - e wmf s s Ly £ -
- X b r = o "] |r= o 3 -
ek . cuffr{fau iy n
- r = rm =) o o
' - - u |t -m I"" o
e | b o S [=a o - -
= . - . = .
rdl - e A E =] Jr= o 3 L
| M - ~- - Ay u
pr = -. b = prm o - -e o - -
AL . ity SV | il
L a1 .- a s 2F <] Joa 4 o -
- = nm - -—. = -- b -
-- b - - - - - AT TEEFETEsSETATETEAEASCEAFYE - r= k™
Uy ++i=£|u- &-; DTN T o A Y e e ] " - - - iy ™
- -a - ma -u BB EERILENRTLE L N LY N L] 1 1 - . prm - - -
E EraEprasr - rFIETIEFITErfrIErT S rEs - L J - - . "
HH-|-f-d-u|I--|+|I--H|l--|unl--fup--|up--+f-fup-j - + 4 sl | g '. :
- = - -—. L] - -
3 - - ™ o .
Lt At A - - ~+H N "
LN ] b= - - -
- - - m " - e h
et au + b o " !
svasffeswss rEsTrEEEE ELE EAEmTEETE b u -
r i T Sy Ariyielgiiviyliekylvlyliviylyiotigilrlgiigh ok - v X -
psdariyr T O e T T Ty Ty PR b 4 o n L [
ey | L it i - ] : :
e ere s rsm e mE rmmorm ST E TN FEEFETS TN Y N ETY N - - = - = - b -
- u g FgE Py + FH - -
- - - ra - " -
- - o . - o) - -
u s au . fr - e T [~
LI LN . - " = - 'm
-r rwmmwrmrrd md s = i [ - .
W A il .l o o . - - .
-r -, = - " - - -
- - = L ] - " ™
B 4+ - il + " e
- - wam = ™ - - L
Mot Stk e " = . . -
-r im o ] LI I rr - L" "
- ru m L] H‘ LT RSt | - - ‘-
'Y b e T
e -n . - = 3 o
-r . Al = ™ - ol
4 1 oy i} - - -
- nm alpa= 2 -
- - A [r= - - < ' [ gl
u [y Al b L] n = e
- - - -1 [ - & ity it
- ) """u" :.'-u-u oy L v Y L E:+:‘+h-rﬁ-1-ﬁ++ﬁ---ﬁ+qh+-rd
-r LR e . - . - = - " -
- o i - r o [r = - b b
{ u e xq 4 . o 1 F -4 2 T
- - LN ] LN -= - o - m - =)
- -r - rr = ra = = -
e ——p i e, et =, ] e o - LA [-= + w
EEE rEsr - . --"I-----'I-" LE R = - - = - "
- - mw o m . - - L d]-- = |-~ -
aq 4 b 4 afl b H Y oy e
rm fp—_— =-n b rm =l jum o ram -
L hTm . - - " L
e Y o o - + el
f—_— e . all = = -
L ] LL N -= - r L ] - h -
oy Loy o N | WA E P e
. p— s ol [om - T .
— o = . = = rw o -
g Pafa o gl i + a4 iyl
- — xm al = L ran
L B r . - o -
Paiieh Nty - al kA B P fripbiinieic
. .- - A= - b -
o = -m = nm rw o
o -5 H == | L] o g b -+
ram - - s - -~ - " LN
fp— -w - - e = ot hwr -
La +a g 4+ e -
LLN - = - LN ] b= “. rar m -
k- - -m - - - n o - e
o L LE] l + F 4] fev 4 k- +
e . = - - =B am =
~u - -= - LN ] r = = - L N re m
o - o ER3T - -y
ik ol A e [ n i 3
-m r= - -—m. " -m.m LN
L ) o A 1 Y N el o
nm s - 4. [= -. LA N
- - - -m -m -m p— ru m rm rm "] r= o o m
L T e e ke e e L L -+ ] - & 4 - |F -4 a4
EmAmELE RammuEE® A ETE N AN . Ammamw j e n ram nm IR ITTE b =
il . - o Iy 2 | .
L _J —a e =i I EEE
- - - = |5 -m
- = r = = - L N
e HaHH ] . P —y
LN ] prm o h‘ -e o
- - -m -m
=l B CLE
-m
- = =] r= o e
P 119 ) e M’”ﬁl"‘"
b = .o
" - -m
o P e N TR R R e
e rEE L EE AN EAN AN AN R AN EAENEAEE L EEEE RN W
= AmrEsmrTmrsErw
b L o
|:a---------------.-------------a-r-.----r---a-ra---.--- mrsErswEs rs - - - ¥
FEEFI A TIEFIACIE FIE NI AT IATIATIEFIATIATIASIATIACEETISIE ETE BT s - ¥
o o
P I R . ... .. LR L L R N E R R T E O T L A R WL T L L AR L rE AN YA EEEECEE LN EAEELEETEETEEEEsLE ETE AR ErE R e w0 SRR R AR AR
ramrasmrsmrs s rs rEmrTAETErIE ST SIS FIEETiETErIASETETISFTATASFTETASCR S ErTETIAT I A NI ATIETIATAETASTEETE AT EIE ETE NI EET AN E FT A ETE FIE SN CTErIASTErI AT E I AETErFAIE SN STEAEFIEfIECI S FIE R --'--r"'ﬁ':'_'ﬁ':_'ﬁ"_'ﬁ""'_':_h"""
- s e ——t - PR R L L R
nm4 ti--l+.l--|+il-da-.l-d.l-.l-au.l--lu.l--|la-.l-+-ﬂ1
FEErE R rE N rE R AN rEE AN ELEEFA R RAF R T LA R EAT RAN R AN AL AR AR IN Nl RN AR AN R R AN FA R RN LN LN LR NN LN N RN AN AR RN AR NI NI RN AR RAR R EE R EE S -

I L Tl T el Tt e et et eaS et e e AieiedietieRe e tte Rt dieade iRt e teAedieieieiielieiioteiieteoteioietolieteetinliltiolieosieiiototinivioitolietoteliointeiitsioielidios el orieiotvieioos ol iditoielol Ay ey iy g iy gy ogop g g gugPog gyt gyoggplg Py gyt gyfopg ity gy gs i sy g sl g gyl gy gg gy lg g gty Fp gy Vagfog gy Py ¥ ylog g Pyl ety gl gyl oy gy gy gl g gl P P Y
pininhiniuluinielvininipiuialnininivielviviiutinielsifoliniplsiiaiieietviiulsieiniiofviiniolsisinisiiolvininivtotriuieiniviioiivinieln LT F T TE S LT EFE PSS PR ESF LTI EEETFTEFIE TP ETTEEEES Seltyoiylybriylybvlylybylyybrl e m R R e R MeE mAR R em R R A e Fm R e m E AR S am AR S A SR R R AR Fe A AR S an e A e e AR fE R e R RS FEaER s " TR ErEETAELEATamTEsTAEiEaLamasaTEssmmtassas
TrEEmrmrrsrrs T rrarrarcd rre rrb rra s rA ran rrdrmdrd b s T s Tt r s r A r s AT s AT r b TR Y Ly p A Ara ard A rd h Y Ar A s e m e AmE mr A s A e A A e A kAT d N L o L o e ko ko ko ko ok bk b E ek ko ok ok kN b e b ek ek ek b N ek ek bl N ekt ek kb e bk bk kM kNN L o mArdArrArd A raAman ey AR Arm A rs A AT A m A A A

u
. i -
mam e mmrEmrEErmmrE mem EwE mAEEmEEEE ELE mwm . --‘--‘--_--.-_:--..--..--..--..u-.. R e e e I I e e I e e e L e I T el Seialniinleialt :
m e W N W O E M RN R EE W ErE NN N ArE ETE N EETEEE NS N ETE ETE S NN FY NN EEY N EEEFE N FUE rUE CEE T NN EF T E TN FTEFEECIErY ErEErT N rEEFEEETETAN CAmCEEE
L A P, A, PR LTy » - vl ArmErrA n
- - - - -
r p -
- r_". o -
fa - -
M - e sremr e mwTn mTE . Il - -
7] dArA A A R AR - n LE]
- - =m}f - -
2w = . - - - =
FAorTE rrR e - . iy 1 g . F
N b 4 A it 1 . u
- - - - - - F-
b = -~ [
= b ocullal b= 4 -u it il "
- . . ke - - o
- b - Pty [~ " + "k v i |- v
- - =i, =]t~ =s
- = ] ki ¥
- . . -
- -~ - h
-\.1 el e s ) -
- al b=~ - =
R 2 - . [=
= al ka4 - u
-| b [r= . -
- M1.EL . -
- p o [ ra . bt
= al == -
r = r ] L ] q- -
Rauau . M 1rr - u
amram = kA r= . -
rambkw - -~ . L+
PR - b ra . -
L = al == - k=
amrah b~ - - " [
- al b= _ -
4 l | fol el 11 h
- - -+ o] ~alt. Fr
P Piribrirk i bk ptipli i iplreiramprigeti i) - ua S | -
ErEErEE rEErEErE ErE e A - - ~= 3
AhdAmrrrrreerd .Pmm-a-a PR - Y - - ] - 4f.. [=
fa s e = bau] [ b= au b u
- 4 TF Ik -
- - -4l Fr
b b= JE. =
- == ¥ -
| LRI -
- ¥ ulf =4
pr = - =l rm
- ArarrarraECAREEEFETAEEE LT LT 1% bl =
"1 T L L I L L aae b= JE, L. an
R R R R TR -u [ulf= =a
AT AN T AT T IR TEAT A anrrATenTerATArdanTT e T — LL | I o1 1L
P Ut U Rt R Y At Rt RS Yy st UL UAR RALUUA Ly AR =ulf 2l fa ud
h'__- '..-.1. L of | T
o il | 3 el B
- AdTrATIAATET v HE 3y | A = 'yl |-
L Bl Rl bt etk A 11 am ul fa us
h'-" -"' 4 == b = o =X -0
oy N ok . Rl i a4
. [ -
--- -r -'.‘ - -~ . = - ms
e S y ]
== - - == by 3 b = o =2 1T
o = LES - ol - -h Al ae
e ' -4 n LR L = L i
= Cu e - . ply - o g o |
o - R Ll EsmrEEIraATAIACE o : .:1-1 hrsmrarwr s rs = h e b = ok LK)
i - s fansan numsauny * Rl e e m e m U wed - ol s
-m -m
= o -n-: rr o ", = '\--h'- -ﬁ'-r- e e | 1- L-.l
Ll fa - A Lol “ F— " o - -
X figh - - ek i i o
...-...'.. [ - "‘_“ - fupa hor nrtrrapttr++tatrnTns
a -.-‘-| vl - iyt - o - o - u
L Pigle . ra
E u g L X A
-i-‘ - = m - R
i - - - A
=~ H "y . L ™ i
- ErEssEESEErFE ErF mTE = - rEEra LI N - EEE ErE =N rm ' up—_—
= = nrerimrsdradiYAnedrantarraarsArydrarna A r b i = X L -+
-u P T N T N T I PPN - . " e o
-
= e = p Tl
L u o i Nk F 4 o
== - 3 "= . [
= = - pr ™m - - - L -+
= u Ll . =u o
o .
i ik - b -
e L - o "_ N
.- - - LN ] » [
oy e~ - il
| A il
b= =
uom rr.--- =" - -
—r Ci L ua IR Ry
v= -:: r-:‘ -:; . . - -
uy— - = - - - m - - . -
e Wy 4 o iy 1 bt
e | il 1] e - -
P L~ k- LX) K
L. 1L g ra o - -
il s ik il | | b - mmj
- b o . - a - " +
e - r o - prm o - r- = -
. o - -
o o | e [ =]1F+ bt i1 Y e
FE E s EETErI A EEREEEErEELETETE W == al b=~ -m '_ r':_' _" .'- - _':1
""ul':-rﬁh-rﬁ --i-hh-r-h-r-ﬁ---------rhﬂ l:'-“l' :r :.-. -.--- i finfil - iy { Al + F
¥y . . i | il = " 13- . mmi el -
] " -~ -l L] i f bt T ol Pl +hmorrr hrd W
ik Il ..- r-.:- -.:-a N - - g T B - | e
.- . o i i [~=1t~ = - ]l T i -
u e L N | A ety 1 1 4+ o u +I3 A H -
il il - Lha = 1 C ik -
- - - & | b rm i ra - i -
L] o o] [ [t ] it ] ArILY ity
= == A . - = Iyl il it | i [ -
) Lo '_‘“@ L "_i‘“ﬁ aq 4 " Y il\.|--|--|-d---J"_'_:"_"‘I‘l""d ho
. e - - - 4 BT EF EaEELETER -EErs . - == - T -m - r
iy plit o EEEmrEETEErTra s ETEETE
- ol t AT w A Arn st br AT AR T AR T E T A AT Ly | l,,_l‘_*_,_,_"_'_‘,‘_,_‘_*_,_,_,_u_._‘,ﬂ:u HErnrdneTneTe A
- -m L el
L ] LL N Fre=
‘-“J«-I-'r‘aJa'r**l-"a‘al-ﬂa-l-'r‘a“'r‘a-l-l—‘u‘al-"aJaI-Jal-l-ﬂa“I-Ja“I-**I-**I-**I-*'rl—ﬁl-l-*l-l-*“l- Fu [ -
L e e it e e e e e e e —————————————
et e et i e e e e m e e A A dta bbb AR A bbb AR Tt A s Y bbbt b Frnfd A th b ndn t A YR e b na A e bandd kA bRt n A n b d b b SRR AR A R R e
SAANAAEA R e e )
W---------- TETTIT T Ty
ol Peiiel ooty A - rhrTnrTRrTArTAFr Y AFAaATTATTAAT AT TAT AATTATT AT T FIMNTFTTATIFAAFRTA+ A AARTFIAT FAA FAAFAT TATFATFATFTAFT T FAT FAT FATFATFTAFT T AT TFTAFCTAFTAFCAAFTAFT TFIT T AT TFTAFTALRT T RT TFTATAATIAAT TR TIATACT A
' L L a R e E R e aE b e e L R e E g Rl g g s U Ut AL R AR m s UL R R e e e e m e mmamsam s miamsumammsmsamaamaamiuzeammamssmmaamammsueamsmamtimsismammisstemasmmassismammassssmassssmmaseamszmtastammasmszetamsssssssamsssmssmszesmsszs=suesams ....1
L L L L
| sy g b
A R AN EEEEE ELEE NSRS ETE E A mmaEma
- T
EL
- - T
-
+
-
&
(T
-
-r
- Fankan -n--.n-.-q.-i nEnnErah LELIERS
- rmEE e s ramam - - - m -
LRI R I e e L e A T I R
L L g e R A E T ey T
ramEramr - mamra
k= - e e
| ksl
] 4
| L |

STLT STL1 \ STt VoS
GDn-3) (GDy—g) | (6D

SIL

FIG. 6B 6D,



US 10,971,047 B2

Sheet 9 of 12

A A A Wl 1 oA oAl |

19— u
0Ll »na T»nﬁ Nna jm_

Apr. 6, 2021
-
-

-

| o = Y

U.S. Patent




]

an

C

= 8 Ol

s ‘P

~ 1L 00d o1 Sl
2 T3 Gel ¢¢l ¢vL ¥9L  zal A VSl

S 9
SO US90dSY om@m_mo_,m_wo 15S9S90d4aS?9 __ NSSA

A LI TN VN T A N VL )

A AN S ey
.% Hmmn - ~‘. J Lm _ _,.Wi

COSSA

Sheet 10 of 12

f.:
U")
=

30

Apr. 6, 2021

.l!lll.’l..

il-.—!& ST S -
Pasg gs ¢ 908

JH JH £91 191 vl

U.S. Patent



US 10,971,047 B2

Sheet 11 of 12

Apr. 6, 2021

U.S. Patent

V6 Ol

AMFrARLn FANTA A PP P FOTAF AR P P A m P AP L AR AP " A P[4 SE8 FPTAT AP 1A S FAPFA FrAA FAA A PAa PP FFAA AT AN FA A PA P P AR AP AR TN A FA A P AP PP A PN " A PTA ST A AFAR P AP R 1A S F A P A PFAS FIF PR P A TA FF1IAP FAS AR FA A FA PP TATIAFAN S AAFFA AT A AFTIAT =P P 1A PN Pl b dbud hfud WA Btd b foqkdd Fuh pdd gy ndh by dd Fapg Fdd i g bd
hhlh Cdh bik ENTHYTHIN LELLE b bl Cbh b b kbt b bl bl b b hl bk b Cl TN TN TN TS IR P A AT N NI EA T R R T anch k¥ OGO Y E] Nkt b Bk Bhtd bt bR LA CdRLA N el Iid BT HE [LE] O [ [] [] L]
m EE:EJ.: EFTENANFIN N+ NEN NN NFIN RN FHN R4 RS NN AN E N TR T R TN T AN N I N IR EX L LT F NI NI NI
: 1 T
L 11 e ) 4 J ﬂ
TAFTAFIAFTA PR [ Al B NPT RTER N FTEFIFELAFEART Srrarkr ra ra 1
Lhhtdbd 1 IR ELTY Y LEb+dBEa 0L [ELL] L 1 ks £31
T LL] 1] L]
4
b ._.._.- _.qu ._“_._ L
+d b+ L] LEREERLELEL LAY TENRIN NI N AL
F r Fr iy ¥ B R R e e R B T
F F f]
+ L] <1 L] _m_.- _"-m_ ._....-
1 1 Tl ] iy i \ A e
) [ENFY NN R u__- ___m_ -._ 1 Ak £3 ]
1] 3 5 3 F A AN v
n...u- -._n._. T 11 L] ) ra T
41 rFr ..m_-- A W _m_- ._.m_ ._.._.._
hd L1 b+ am C u a - £3
T LL] 1] L1 ] 1) ¥ *
IAY, |5 A k FarkbarTn r r 1 L L
btk N ET Ld b Cd T L
13N | I tlfic ] 3 ] Y v .
% |4 (] o A vl e 4,
+ e [E] ' r Cn £4 -
G (13 § ! % " ¥ ] i
3] ey 2 +olfc ] 1 » ... T o
FFRFEFEN R D] |13 LRI Pt e ™ ¥
Fd g4 LL | k L L] v 'y L
+ ke ¥ ] ' n £1 +
R [ [ h el ] Iy " " T
By [ | & bl [ -nu_ A LA -
ra cn 4 n ol & =2
AR, 1. | SR W | U K + F b hed Ld
[ £] rd £ 1 LT
L1 | -__.u._ -- r ] s ] ¥ E +n [ F AN LR
i | (%Y b e ] " A " '
£ el . re €1 *
r +olr ] b ALY i
L L A I ¥
_.u .n._ ] ] ] L] N1 A £
i 1
1 sl . s LA A '
3 | EL} N+ . ol a2
E | Rl Froflc ] ] e b T
[ | 1Y i S ra "
E | L I ] . i A1 o1 ar
3 £ L] LK) L] TTFFIRF LA AR PRI T
L] | G ..___. L] [ ] [ q._.._ 1 q—_._ ._....- AdbhFak{d bl wdid Bhdbhirk bbd bFdbLdbLhh+h
3 —_.nu._ -_m.. 3 ] e £a s g
r 4 4 r T
1A kL i i ut ]
4 -..q._.._ ._-.__. 3 L} [ [ E+ERFERAN R R ECI NN A NN +N R+ N+ BTN 0 d 4 + €3
A | & Ll i % -... [HERA EREINIEATFELEAN TN AR an 1 1A . K]
cf v PRV L ' , d £a y ]
[ TFXTET] L [{ERFESIEINETNE] | L) ] re—
raaRT 4 KD TART " A ' — A n._ v b H_ 1 T
Ok ET E | e YR | ] ] 'L nckdn ] Fn ul [ — — 1§ Fr) '
LR |14 1 ] ] ] [ 0 | K] u+ [ K]
L b pr F AR kA FFTAPTARTART r F LI B LI} T [} r 5 4l n_.._. .-.u.; T
LR |dd bl ELENEd NEd N bibh b k4 Ik =1 i Ei T Fa * g ]
LER | & o | K u XT . r ] [T X 1151 1 idly I3 T
L L + ] LR ] L] LE [} ra T FT
k4 4 ot | B [} cd b 3 L § £i 1 1] WY I3 +
T L ; + ol k 4+ n 4+ X LX) k1 ¥ i+
ra F T re Tarfarra r T rffFr rT 4 4 [y &q T
id bl 4 L ¥ 3 4 BC 4 . 'K} Ju+ 4k Fd rd + X
L1 mr L] L] ] 1] L] [ [ [ ] P+ ] Bl | ¥ €3 fI 0TI EN]
re L K] . 14 r 4 L] T * L] ra ar f] Frapsurm
L] L L] X wL . Iy 101 Y3 wL L IR L £4 [}
—— - 410 __hu - . R 151 % 41 e f<n £n ra - %}
re ra ] LE 1B L P 4 T
T 1 Y iy 1 4 u XY _..: 3 ! X u i
LIELLLT] + [ELLEL ] ] Y] w1 . %1 T ) 2 Lk 3 s
]
y ] 1 Y » WISy Fn.___ AR vl i
._-._. i E] < + n+ (L] '] F1 + i
3] £ + ol I+ (¥ 4 [}
rT 1 4HLEY R ri r Vd " ¥y ]
+ u [ | Fl 3 ] k4 + + €1 [
LK} * + + [ K] [ X} e * [ K]
T ' wid uf bt | ] LR ekt HP La 1
[ 1] r ] n...- . _”__u g e ) ._n._“_ T ._._uu BFE LN EA nELEELEN ._nu
d.n LA 4 r ] F-._.__._____.._-._.._-.:-._.__._._..___ aabndrprafddplabdpkn L
LAl hi ' X wd
[y} LE] +fcdbc L
LA L# [/ L] ra LEALERER]
._.n...u .“-._.__n._. ] i 1o | iy Fa i
4 LK _m_- ¥ nqu ._n_
..”_- -._“_ y , i - "
EL 141 K d 3 ] 1
£3 F T ]
44 kq Ay F kY u b d <a R hqm H u b ..__-‘ . Py oy -._. Y
£a i L L] 1] C+ BRI N ELERFRETRR BIENLENINEFR RLN RRA HED [ 11 El ] [ ] [} ] n+
L] 4 4 F r F+ANCIPFCAFPFINR . 4 an rk 4 + [ 4]
Ly Y [} X wq dpd b b pldblbf kdbLdh bid} d 1d 1Y) uq [N}
an 1 Y | + EErEELEREIN ¥ anl 1 r [¥)
-..m_ _”_ -_" L L] nh__ w [ 1] A 1 ...- n...__ LE) -w._..
e T T
n.—___- n. ._-...u . ' cn i [ ru LX) w3 N T
1ok + + 1 4 + LE] LK
AN | R T Y t LA I c JHETRL L3 e
(1N | I [ ERTEINETHEY | [ TR ENIN N ]
2l | LR LR LR LT n._- ] £ 5 ] Aalt n..- -_“_ -__..“_ .n_. D EELNEY] A
._uu- _.. -._“_ ] ' s 12 10T [N ] Fn 1 LK Y }
+uk + ] «n B ] T LE] €3
ri gl +olr ]
n._.u._ .u ._.q._. o . AR Y ] A ' _.. FF va 1
ok o sf b fe y B 5 b
__...- nh -._.._. L] [ ] L] [T d 1d (] [z i o 1 +
1 1 K] C [ 1 ] * IRIFITEYITT] -4 LF]
n._”_. 4 __n._. £ L] re [ 4] L] 101 re LE ] FEFETEFFARED + T
L ok | & ' co b [ 4 1 i o e m h N
L |5 L] + ] r r LL 1 E] r LE] L1 Lk
_H_- _". T F ] _m. ..._”_ ; d ._.-- —r. ...n._. -_.u.. __-.._.. b ohlh bl dbd -_“_.... h._.u .nu...
[TEXTLNRLY | 1 ranndnrrnnraficyirnanranmine ]
k3 ._-.... E 4 " .__..... " q._.- ) nu 4 k] ...- ﬂ- L1 ..._. r ’ ._.._.r ._.....
+ Cd B L1 d L4 | ica 1 L] cd [ 1] 4 ] ElL] cu _.._u ..n L] El + <
.h_- Y __w._. 5 \ + r L1 I L] 1 ] n c+ £ T LE] 4
n.-_._ L} _.u -._ n._. . . —“_.. [ n._.. ..'—.h 4 _.. ._..- L —r. _.u -_._. -_"_.... oy ._.._.. —“_.
e s 3 (0] 6t 3 135 : i 0 ¥ X 5
kq J et | i L] L] i i [RIR RIS RER TSI d in [ ¥] [ [ NEd NEd BRI NK3 + 4 I
qu__- n__ --._.... . F I¥ || B & NLAN LA N PIEFIRE c can Bl B2 RINRFRREENE 3 K
L | = L + o[ + [ Ld BFk B b BRI BRI ] L E] Y] FANCIN bibh bt bbll L
1 ot | | L L] cn 1] 4 FRIEYIETNEI N Y] 1] [ r_.l [ + T LI R EIIEIIELI NS I
L7 At 4 r ] r r FA NPT AR A PN r r Fa Fanrarrarrdrken
i oo | | B . Y] wi L] [ i * ] ]
| L 1+ 1 T ] ] I ERY ELIR RN N+ I RN+ RRTRR+ RN B+R N2 N L3 ] L MF-E
e o gkl 1 OTY Trrrr rlliclinr CFTTTETT LT r PP
SOGICCA0R |1 | EOnRACI00 AT KRS KER LAY AL Y T e Ik Bl b B b b b B bk el B ] A 1 + ; - YR y Ldblbbib bdd b bd hd bkl bik
) 4 EE+Eb+00Cd BRI | XRLRLLEL R L (L | DOERLELNETEEIN L] |} cn [ 1] Tan LEL] RN AN AT RFAN RAN RN NI N N+ L E R L LR LR LT ] f10E anna an LR EL R E LI TR NFRRT IR+ ARSI LT NIRRT NR+R R+E N+ L EERLELLEL a [E] R RERNIERIES ELBETR R T
" | . .
(] u
' ' i
el b rrnrereh Mottt |
. H ey TP r e ¥ ; : : 4 p : : ;
o -__._.—_u-._.-._.-._-...u- ._.m_ £ ._u-::u-..._...- -n._.-nu:l_m..-__-: Rasenvmaineln RPdN I NN N Nr R+ AN ERN R NEdNRIN RARNTE LI RFN AR RNIN LN NN N+ N NN NI NN RFRNERNE LLEY RIS RSN, IR R I REN IR I RN NEdNEI NN INL] EN+NNCI RPN RN RIN LN RN NENR N LINRrNELENENR S NEV N BLINN+RN+RR AELINLINNAN N 4N AR LEL IR ] NCONCONENN N4 N AFNNL NN NR+R N ER B4 NI NRIN NN NN REN RE RN NN kAN R N NN EF RN EA N N R RN AL AN AN F RN E REI DRI N LI NNI NN +RN+R N L ERLERLELNELN | hL N NEJNEJE NIRRT N NL N LI NN NN ENN FI RN NN NINN+NNENNEIN LY Nk
H H - ik rr_ry, rFulirfl Hiralvii]
Ipampmpnsas T mARpsae ] nmapmia g Lpmimpipant Lpmsasieies Apamia g Apmpsimiap,  gEsprmapaiey b e Apmiaiiesim Laim e iiiain [ Lppmaimiay [ e [y d e e e e e e ] Himinieansais Lmaieieay Lasiyaiaie Lspaanini Amimssmaiie Amipes pmim,  ippiapsias Lisiayiaiams Apmiyiimy astgesiieis el Animimasaas apapisiaas Lmiesane [ Laimasainiin ppmanpal
- - - - -
. | ) 1 1 1 3
%m hlu gt b b dbLbh bbb Ld b pLdbbd b Ldbdod bbb b bpd b hbgd bld bfd bl bl bbrd hld bld bl d hLdbdd bbb bld bldbldblbd Fd b bl b pldb b Lldbdd Wk bld bld bld bl d bl d hdbdd d il b b bl dbldbld bl bhdd b dbld b A b Ld brd bpd hrrd bld bbbk
airan LY TEXNTY (LN TLTHETHIN FNTENTX 1 L L ]
. N LA EETECELY EI RS LAY LLEEL Y VAR LS EEANEI NPT E AT+ EE+ TR+, DR PR THRTNFD
4
LR T ] TTTTYT ™ Trr LT T T rT r ] J
hxLlduyan b L0 ] Ly dbdd
EELE 10l ELE R R RFORL N+l R A DRI RRINEA N CdNCh ELINL+E [ R ETNTN ] [l 21 L 2
A Al T 1]
#d hlh BFd & WARMA N WA D bk d hEd b kI kAN hL D kA Db F A Cd bk BEI N WL b OB X 4
e —— 4 .-.__ ._..u BRCAETILETE EIEFIE ETINPFdR NI N +ENFEETERLIN LA AN L LF
W10 ML WE Lkkdd Cd b1k} L L [
[ ELLL LE] L ki
) N - i ._.._..
1 LE] . * 12 ¥ -
N | ’ . 3| & - T
+1 I LE] ' X . €1
& 1 £ r alpe Ty r
1 -__.u._ " y ) .“_.u -
] f] 1
41 11 LY . LX] C
ﬂ_ ] n. ._._... b Ty y y _“.. d 7
kA |13 ; NCINKINR3 ) r - i | Al % =
LAl (4] L /. JHEi b kv dbLdby ddyapdd b bdapd b dndid AL bid bEh A H A
Ed ] + ] 40kt CdREINED LR ] ] Bk+d RCI AR 4
el (13 LE] r LX] k] n._ i
R R [y X . i -+ v I CE Ak
Jun+un+nnsancagpaffranntnnsn e LLER LRI R N ') 'l k2 u1
ar L s LT A b - 1 kLl & adrTAnsan by
“_ .H.- - ...m- -.—_._. ] L u 4 n._.. ] .__.h WEImnCcInc4
+ "
b I, [ | ] Y " ¥ | o | Y Ak
cadfaflra hrefic ] ] [ il LT}
. o (V] | X e . h oy o 1 D
] 4 s ~
1 LA 14 | B i . [ [ b A 0] B AN LIRLINRTHR+ RN+ 0NE] -
i I T "y W ' Al + o ] b AIEFEEINEIN RN T PR Ml
15 AR | H | LE ¥ L] . L ] 1 _m..u .n._.u ; __...—. PRI RNSN BHE R TE N
3 K 7] |ED -
A DA AT | A BT I YRR TE , ._. -.—. ! I A 1 k2
rar+nncnr+nnrINpillranrranEn r4n LI LEERLEIREYNRIRL: | L ] ] " JEC + 1 n
‘_- Autdqg by LddpTilF kmbfpnkEd dpd mpd LA q ] ra L 11 B
1np +d L] ] ' £ \ Al L) [T
1] 1 X e il r ra o | 6] X
AL WA [ ' A - b 1 Y 151
X LIN | E r ] 'S » ' k> T 1 N
L] L] T rlEF 4 - re 4 Tl El o+
Ji | & ] L] 1 ] ] - af ! L e R I B RLE BT BEA BEFRE LT
3
re r [ ] L - ._._ . N . E] kT w1l bl
gt L ! y e Y L % L J P E
s 1 E L] 3 L ] ] BN NI RNERN+RNTININ NN NNDN 4
L1 | A F r i r rET u u 3] ra Tl
14 1 b b . 1l u Y s u FLH 1 1A X B Fd ks
L1 X L [F +n TETTETS T T L] [t A - o LT X + Ape 11 § 4
ELLEY LR RN H | BRLLELLE LY C LLELLEY I LIETN [T L E] [} » x r r o (£ A pr T 1 [T ra 1k
d Al bdd bid bd L —_._..._...____. 1] hLld dld bt d [l L 1 § 1 ¥ |+l 1 a1 1 %
ELJEY INATNT] dlfrinndannan it k [ IFTNTINE (¥ L 5y ] ] L 0173 | 1 1 1 11 w %] ks
3 Y] b PEELS ¥y f Iy . i Y 1 ¥y Ty [ W oy
] C L) s ' ] il [X] €+ Hper T 1
1 [ ] ER E) L1 i ,
| E i'm 5 -._ ' b T Ml L 10 K N L
. d L} L} - cd [Ny [ [ ] ...u ] _m-.. ._....__ ..._u E 3 <
3 r 'y i "k el ¥ 1 iy A o
L] i L] + 1D ] L] ] __-.u .n._.__ 4 _.__._ MIna ] LIL] cd > ]
] 1 [} ] 4 LN R T LN ] FIT] ra ER LT N+EFrE REY LETE RAN TN SENCANFIN NI R FIN RN LAENTY
L] L] 41 il n_. r LE| re 4 Bl ._.__-...._-._.____-_..-___.._:.__. LELINLINERI .-__-._‘- NETH _.__:__.__._.4_.. ._-__-._.._-.._.-....___wg-_:._-._- ri ._.-.....ﬂ
. ] - ki L] LIL] ] nr. .__.u ..nu i AL TEN L] L] L] L] il +hf
¥ ‘ o 1 X "y 1] b 1 ¥ L% L 3 3 U
] (LR N 1] L] ] 4 L] i |4 Y} . 1 b e | K1 [ b+
LERLERLLELLE] ERLLELREL R | LFT L 1] 'R ] Al E+ T3 T i r
SRR,
b L5 B ] BT n..__ 1 | ¢ -'_m_ :._ 1 y ol ¥ | i o
] . 1 - N ] X ¥ Ak X 'E]
r T re L] L 1 + 1 re T
ey 1q L] X oy 1 ] 4 ' oy I u
. L] . EIL) I -._._ ] nn._ +._.- L] <
] b 1Y Wi [ L | n-._ i h-' o
[ ] ] ] T + Y n = 1 EFI0 W4l K10 b 4 4
L] | - _”.._1 A T W ) -._ -._u._nwn._....-..
o L] - am cd nl L] (]
F 4 o |} 1 RN RLR T [
T k _‘: L] LIk L] A Thedi hxn bk FEF wbn sbad bad kAnbdh b3 @ pidpd dd bRbt]n bd # by dbd hbT o
L] -__q._:._. ._.u : Ll nu- _"u__ ] ..._._“. --__. ——— —_-._._.-._...- -_"- -_m_ LLL NEAN A0 k4 B BFN b1BG CJNCINEL N L DL Bk RN TN N LI N Ed BE
) ___.‘-._-._‘-._ rt [ ] ny f] L 4 1 N n 1
I + ' . [ '] ud "k ¥ Ln ] )
L] L] u+ C T+ B LI E] E] 1 ]
LN P ] 1 rid LE] ir ¥ ra %] LK
[ 4 B WL 4 § [L | [] Hpr
L__- -.q._. L} I (1] [E] -._ A -._._.-._.-_“-.-—_n-. i (1] ) [ K]
L L} L+ ] N v h ' [N i e - ._..-_..n W y %
L] L] u+ L] ] 1 ] L] [ ] 4 EE+NETAN IR NI N0 N0 B+ENT [ ] ] ] 1 *
S 1 LILE . xr [ LY rd + r r re ]
I 1 (1] L 1L LI} 1 [ &l L) i L] 1 L
. n..u- _.u -_.". F L] +1 cn £d L] na [ ] +1 cn LE
; H_- n. EX, Wi -._.._. . N LAK A LY 1__-._ -_“_ __'....___- b " _nu. L _.._“_ PEAETEFR:F PLEF AR L AR Y
[1] El |4 b P g [ LY £ i B ] Ll 1 B +ERTERTd N FINR]
'...:'._.._.u-..-...u. ] T -—_..-—.._.h-_.._. £ L] LY ] ra " LI + ] L] [ L] L] FRETURTE RFIERTF RARFTR N r CANCI NP+ +
1 L] Ld + ud T 1 T | i Ak X Ll L IR EY NI Y
“_ ._.u:—_-._._....._n- _“.- nh AN ._.__._. b ] 3 (218 L2 5 - £ - [ . — siEELEEI ERE4ERE
14 d L
1 —_- ”.“ £ _"u ” " n.. y ] L -._. ._..- ] _“.. n._.- 1 ..... 1 +._.-
|5 & (4 5 . r 1K v 13| o, | Y b
Lk b4 d Figlh L] ..‘- ca F i 1 L] L [} + 4
1 L] EL] Y -._.._. 5 \ L} £ 4 frr e L] 1 1] 1 + TR RF+ RN EN £ LE]
3 L] L] Tu q._.. ; AT ._.. ; —“. -n._.- [ —.._.__ ] WAL .._.nu N
] ITopr L] +u [ 1] [ 1] ru + 1 [ 1] k2 [ K] 1 + +
k Ly r k L 1d r * L 1 * 1] e i 'y’ LLJ Cg] ]
L] LL | L] [ L] LN [} ] L) L ki b L i Ll bLlh kI kB bk ) + 4 ALlb I hhtdkLhhd
nu nqu p ; u £ £x |4 E - ir 13| iX £ b | B L LI LR L 2 3
L + L} Lk Ll L+ ] inE i L H [} ] (1] - LL]
1 LR | I ' +1 1] €1 . 18 1] ¥F] %] T £ ] L]
k £ Bl o] P 1 r " 1 rf A + ] 4 rd 1 4 T [T} T L1
L] ot | U [ ] [ X] L 4d ki L X 4 [y 4 ]
] LL] L] " ] L] ] T L] a [ 1] HiEr | F] wt Ld LL
“__ ik | L L] Ly re ] e re A F1 + ] + T
rT r Ld 4 L 1 iNE 4 Ld L bl L1 & 1 L} ]
d L+ C u + LX] ITIRIRIEIRELLIR 1 [1] F] [ E] ] [ THRT] F] F] 4 T
L b | & ¥ Ll 3 1 T FEAFTANF{ N FIFE rl b 1 r + LK JUELLERLERLE] T LL]
L d 4 ' L d Ld 4 L4 X sl & B 1
£ + L ] .m_ 4 B [} ] i i
L] L, | L] 4] ] l.l.l_.L 3 T +
] + r 1 L T FTAE] T L] ¥ LA LEL LN L
J hd | K L] £d ] ANVTFYY CAdREIR IR NS BN ¥ BLE kR L+dNETR
__._ -qu . ; u i | ] WAL N NN RE T RN EA RTINS RETH R NETE B+ TEFPLEAREART R rg L " . L
LLRUE] E: +h i ] L] 1 L] ._.__ L BCd N BINRL ’ ’ ] AN WA BAN NFd BEd BWIN WT 0 W30 kb bkl bl Bk CANCd b Pd BRI BhL NN h S0 N Cd 0 kA BN LT NCIE k0
. ARELER+REL]EL] qu LR R, | L | LA AL LR | O 1] W1 B RRET A LI AR NPT NRIN RN AN AR RN LR R L L AU L R LA T E TN LT LT L L LA L N LT N L L E L R L N T L UL R A I L L P IR N LT EL L N A N O N LI LITRELY) N ECIENINFINNAEFINEL BCANFIN NN PN AN CHF+ NN FINCINFI NP NN+RF+0 B E RTY BEY
| 4 . L — ._ ) AN N bd WEd bbI WEAN AN EA N ki d bbb BFd B LAk Cd B E4 B b4 B4 N LdbEI b kI b CINEA NE )
_.__.______._..m..._..t.__—_.__._...__.._.__..___-qm_._.__.__._..__.__.__.__.—-n__.-_._.._..__.._“_:__b_. J.“_.“::..“m
. L (] O u i ] R DA O R Ay A O O S o8 O R A T L Bhrbblbbid bid k O ICLED + Th o+ L (] BFd el el e Nh+d B d iR Fd 1aC +d N L Ik ] ik ] [ 1kl b ] + Akl ] (R ] [} (] ] (] DXL b Bkl b+ ] 1 N A O A TR NN Ehd
B+ AR F RN NI N E I AR R R RN 4N R RN Ed NI NLINRIN NN R+N NEROFIN IR DI g LELILL + N ATER+ AN CJNTIN B AL RS LRI RN ET] ERLLE! ELL LRI B LT L] R R+ ELENCINT ER RN L R LR L LN T TN i LE] +1 L] -u-u-u._-.ﬂ-.n- BRI R TR NN+ ANLINFd N DI NN IEI NI EIN L] LELILELELRL] AN NFRR RN CON A NI NI NN ORI N +E R Cd BEI NN NRIN R+R N A0 E+REERNEENCHRTHR B] FLLERLER L LR L] CLLER L LN TR EL] ERIR RN RN NN NN R NN R R R R N AR+ O N R I R CI NI NI NN+ R+ NI RN AT RN N NN R+ N+ N NN L AN NI N DRI N N+ NN NN TN NI NCI NN+ NN+ NN+ N EI N HR]
Frloc s o Ay L - o Sa L o %é% ] ° ° °
ey p—  —
FCLED LTkl
ook, A PR g "
hkd BCd hhIh hIN BT R b
L
T
LM
+
+
+
L
T
LM _
* k]
X e A
I LITETO (ELOETELT L can NELdN RINFdN B2 8 B+ TN
[T PN TYFRETEYFE] FETETN
LY e . iy
ELE T WY [NEIN T

—
-
\




U.S. Patent Apr. 6, 2021 Sheet 12 of 12 US 10,971,047 B2

STI- GDn STLZ GDn+4
141 STLI(GDp—1

STL(GD,.
VS36 W FS B STL(GD, .

| E L |
- - e T
= R
u [PV PRI
amammrsafrasms fduw MR -m AL AR AR ETES LS RS ErEE EEEEEE
- -rm mww e mr -
- X ELELT] e M
L -am EnEm e ma
2
mram mrammEw ITLELTEL
3 o
- Araaan saRLaa
ST - BT ErTESETEETEETE RS ES rE  AEEE ELEEEEE
PESE AT Wy b dadh i x mmrhdd Agmeh T =T A
- Pt sk m]
*_ —i _—
[ LB . TAETAFE AN LAY JE TN L) -
mrmwmEsEmEn EEEE EFE ErEE T " ET IE R EErEE FE EFE EF-E FTE FTOEE FE EFrUTE FE EFrT EEEE ETOEETE EWTEE FEE FE W EF [ T—— - . - s mr s Er " ELEm T EALTE FEISrFAaEras . m-raEr - ELEE T EFAS FAE @SS EETE S -m . - -. e LE LN} -r. L L TE mETE T E rFETSErTS raSELET -mEE. mEmam FTEEETrsSs rE s
b M il b A U PR g ] b A b b b bk Mkl Bk M ] b A M b o M R Al b pd bk b WS A AR A Al L bt Fdnt At ph bt 2t bbb bt HE A nt i an P Fn et ARt ar s bt kA R A bR rh A b bt An ke a T rA bt bRk r aran ke Ak AR g A it r Ak - rat2nntdinglat F4 At ko n vl qn--l-.--.--l-brn_'."“'“:"*"
EEINEEE RERNPF i
-----!---r----- BRI ETEETIE I NI I EETE FTE EIIE FI EFIE FI EFI I IE ErEETE ETT I AN I N ELEE I A I FI AT ASLEELEE ST ArEErIE rIArfarfassrlfap FE SRS ST EEE S ST RS LR A FEmFEImEFLIFITESFIESfIE TSI R A L. mEmm o= W me
e it i aa o, ~ T RN R LE I Ty T W T T 3
- -
-
- L
A o
- -  srss ras es mmee o
n i TELLLELELELLELLY
[ -4 [a o u
b - = =
-r -
=2 A
- ~
o
-
*k [
]
r -}
e -4
- -1
= -
+F o
= by
- -
ki iy
- ™~
= - -
+F o
= L
- - o
= LEd hr
i _ N
= - - -
- L] o
bt = " H
- - -
- -m. ‘..
un *
= - - = -
- - - o
s+ + - o T
- - - -
. -m [ R IET R INNIN N FERETREENENTRE] b L -y
L - + FraUhd UL gL bt ka4 td A b HARd a8 o 4 - T
- - - FAE FIEELE NS SLSB AT B FEE S N FA RFAN FS EESE NRN . L L
e s srasErsE FrIErIErsE rTEETE rrEs v s re mran e | - o
Lkt el e kL R R L L L r ry oy
3 -
- - F -
- - -
. i o oy
- = -a
Lo - -
(gt ral* gl i gt igraig et " » il
- -
- - Y
-] - +F o
- -
L » -y =
o |- +4 :"
- = - - = - - - - - -
b mr b= - - - - »
H TS - 4 - - - -3 e "
- - - L - - -~ "
- = - - r i L -
b + +4 b H - r -
- - - . - = b .
= [ - - rH - o
e X - e+ n- - ] o
- e bl - - - [~ i
-n - - b ruf L - s mra .
- - ] - e 1B = - r - "
- - L [ o allis [T - - LR .
= mw b -] - = [ = k= - o -
AR b - X - ]y -— ArAArIEras rees o b - - EEmTIATIETIErTS o
M - =] - TR AT 19 ] - o el | B 1 il L N +7 RN Y NTTETRN QI TRFRN I T,
- . *r o x| -r - - -1 Lk | . == - -
b= b - w] - vl [ u - - - - it 1 54 Ll B - fu - -hAF
am L.k fa Ay | I A Palgh P 1 .l H oy r- o Py Pt u *_"‘:‘ Talh T il
- - i il | oy | i s e - - oo |- =] ] == e ) T el - S
p ¥ . iy | il | pil e o flyligh - & =1k o - i - = = e = i =
=1 -] b =1 b b L T - [T n -
- ] i 4 | 8 ok '+ - b . r‘ e Ny | i pa AR URRL LS URAEUE R RRUE R
= r ] - - r [ o fur o - 'n- ':: - "_" | el - .
- . apd | ] e F - nno -
LY u] - h a a =1 - an -
- x - = = - h == b
by + -, " L] - LEE -
- AN EFE ESFE SIS EEAE ESrEEAER F mrmm r - - ram
b o] A EEETE ETEE FESFT SIS ELEETE ETE EFTE P R — - - -
3 LRI AT A LRI L LR Y RN E TN, | krn y - F +n
] u - ram - a-‘-‘l = a
xr = o - = 3
k ! il r_"'_ﬁ el " ]
. ] ey L ey L - A H
. vl | a2 fu — - r
3 A~ b+ - - ™
- el o - - -
. . - - re—m r -
] = | = r - -
k- Ty | T Fay -y o o) by
n] T LR I — - o
x wuf o L] r -] L
o] e ol F o s - -
o L] - - -
-wd = = - - - - o - =y
u +alpmdlrr LLE H -+
- = = - - = e - ™~ -
= L pr o - - r = - rwm
-] ek TR E L ek - " v
- S -a - = -a - - fr 4 - b
-rd = -y - - . -
h o ru r T fu o
LS 2 L] o L
- L = - -y
) Sp— - ] =
b - - - LI
- SR - - -
- nw oy rry - L
b o A - P
- . - - r= - L& —
e rresTamTnn rt A Adhprrasran e rrddorn - . - l"l - il
R e e T R e A L' i
{ -J .- - -" - [y
e - " Arwrrdrmy hr 22
" wnd f “1 ]~ ‘-+‘ M =
suyfrs arn -m
pre - - - - rm = ==
44 il [+ + Wiy
L R Y . - -
gty | L —- - = o = 1
3 o o - - + A e
CEY |3 b == - gt - -
= b - -
] - b oarn . iy
-m = an un m o
T rm o e -l - #-
r-ﬂ.-r-rrr-'-rlrF--I-ﬁ-n-irT-rr-rri--'-ﬁﬁl--l-r-'-nn-rnr-n-ﬁriﬁll-j s r rerrrr rrrrread -
MR AN RS EUAE A M EE AN AL E RS EEam
-m b= L _J
‘F'Inr'-nl-‘rr'-ﬂr'!--n-r-nl-'rnF'IrF-I FR FrTErETArTAECrTASTArFEACAOAIAERTE ww - ry
UusUSAUULUR AiUUSSUSU A LA LU LU LR AU RS ULAU N NAU D LU L Laa ...............i..
-
rImErIsErIsrsssT ks rsers TR rIErIE T AIrTEETIGETIETEIETESE R TR T AmTE At dd i m kil d+tdd T rEs e sr e ETAETIETAT TEAF T ErAIE . TemTImEnTanAramTIasTeE hhd AT Aan rs akdd T neErshte rsamdd kg U TR TR EE TR o mnomEw ___‘__'_,‘__"‘__r*‘_‘_.‘":_'_
] MM RN MR HN AN s L R e L N L L R N R L Y R RN LI R P T TN L Y AT ET R LR L TR Y R UL e e R T N L ] L bl e B 4 Foam et e m Fam s mram ma
JEFRTENTFNEE I Y TRFEEFY T ST e TN e ey o RPN T FYREN T e A LLLLLLLLLL,
v omr g
-I-:-:h-‘-+'|_.;‘+',:*";‘*-'_|"‘."*::'.,l“.'_|‘+‘+'_:+‘+'|_.;'+'|_.+‘+",..,‘"+',‘_:_"+"u“-';‘*':“‘+1_.+"+'|_.+"+','..‘"‘.'“1:‘.':‘.*“."*.:‘*-'_.‘-*'“.‘_‘*-‘..‘_“.'u"_ :1,':*-:_,,'*‘,l,"‘:“,'“'*“,";:‘,-‘_,_ :‘ _:‘,-,_:‘-' :_:1, :*‘:::_:.l-ql navYnnFastanrYynrarrdrrdnn+tantdrtdnrtrrdnandnndrnrnnrnrfartannrand Al rdneanrY ntar rYnnd ek rkrnn TrrtrrdrrvdnndrnTrYnrenTan e er
EAEMFramES EF B F LA FLANLEENEAEFS EFSEr A FLAELA EES EE EEFA W AN ALIE LI NLANFARr AN F RS Er I LA ML AN FS RN R AW N
tﬁ:ﬁ::-ﬁ-;:-ﬁ-:ﬁ-ﬁ-::‘ pntiolleiialloliiefieh ittty fefietefytetiefiehlouliesieialefoliefidesie/lylnti vl elnliesia kel ::--" AT I EFIEFEAFIEFIEST ICTESAT AN ST ESEIECIRICEAFLEE RFEA R - rw M E M LR Mo M rE A EE EEEE oG . mE A e M m m rE Mo Pl B B S Fy BN e Ma N MENA . Tras me aran T T ErF L s Er AN N rT A FE sr LT Er s Fr
e e e e e e e b bl i B Bkl Bl T PRI R P PR TR TR I TR E R R IR I PP T IR IR IR I PR PRI ST T IR TR IEERT T ko e bl bl el e bl b bR et R LR AR L L N L L
-
T e o T E T T T I IT IE T T T T T T Y THTY T T T T rTe T T T TT T T T T T T
o o e Lt bkt gk ik L e IE TN T AFIE I ICIICIEFIIATI I CIEFIIFIICIAETIACAOCISCIEET A AN EI ETIE FTEFEIFIE AL LI ATEAASNT I FIICEE AT ISTEATEIACTE ST EC T FE EE e
3 S i AR - =
- " -
- b
K TR TT T =
- e ra mETE rTrasras F =
b L ITIIT AT ETIE R ™ ]
ramrsmran L] f
= ra mdr s mwr A H L
PR o A -
o am - - K xr
ramrw [ -
AP u i
ruma o
e wm - -
Lt L
e -
ramrw L
br 5 4+ +
smmra o
TLELE -

— e
EHLH O H T L N A L T

-
L.
-
-
-
=
-
N
o
-
H
-
-
-
-
-
-
I
-
o
a
=
-
o
r
rimramrsam .
P p
AR
--a -
ArrrArsrrrarTrrrTIrTAIR FAE ATSE H iy
B B
. ¥ i’ - -
- H
Il L
a
i rud bn :‘
[yl i g it gy iy iy g g g b oy Loy o Fa 3
My [ L] K
- - - - - LA LI R
ml--.-.l.--.-nr-.-.-.--.-.-p-.-.--.-n.-.-.,‘*‘*,_*‘P*‘.*‘._‘*,‘.*‘_u_“:ﬁ T T R T e e al N
N LT EELE ELEE AN EFY ELTEG, gy AN AT SN TS ETEN AN RN I rm = -
- - rr = - - '_‘l
s AF h o b
- == -d . - -
= = et G k- hr =
he - b - F [ N
ok - - L. ;.
- L
k
o - afm
o LT L | EE]
- b n C| OO
- Emrsmrasrssras ral r
[l g ArrtnkFErtt Akt e i ]
- -y - a -a fa
-
AR TN EILI R b ary r*'- -*-._' ‘. -+'_|1 T ETEIAFAETIErFIs o
T LR I FVNTY TRy T gy T ". ) L_"'_' L o - rEET R I T R
T an g o= I el bk -m
- -~ =" Fn ) : ==
L & i rad nal il
P hwm b = afmn o
— - iy gt uinl o I | il -= - - -
- LN EX] L | P o u EE T +F++ FY
T o d O el dl - -m T
r ra . ru o
it - b - affm
+r g -+ 1 ual kdlus +u -+
- A= il | Ml - - p—
e . el bdl v -m k= =
+ - P [y = + e+
-n . | -m s =
- [ = rm o
h = - n-r oy M| n -
- r fa ra o
- .
. - L L -m = =
r - Jic F hl ru o
L. am N N un au
rm - - _ fa rm o
- - |4 B -
o ]
b ma - N -I-
- r -
L ey "' ‘ [T
- - -
- ]
k= = - - -m
- n - -, [+ +
he = b mn | K -m
ru - - ] - L
-l - o - . . -+
am - - - m
* - L L ==
u . wa -m - - -.l‘ 'l‘ - -
-a - m [ - - 3 -
b B 1] * - H s . 4 . I
oy oy na - H i - am
- . - -m. - - - - - -
- - rh - - o . m
e | 1 AN - L. P . B ua
- mp == m - - - - [ =
- h - - uli rw - . n -
prererey L + el L. a . r . [ u
- L - u - '1 - - -
mnmre A A sl FARAFIArFTIETAIE T F AT BT - — F fa m
FFUE AU bRy A b A P U L Ll g M ke U gy gk A bk g | o K +u
- - Eam (==
- al ras af -
- a i - . "+ u PP
- - LN = .\‘-- E
el - L X T [ -
= | e . up
- - rwm 3 m=
-\.' o ran I -\.-.-
H b s -
Ll - - m e -. = .\‘--
- r = = L] -
r Pt s F . .,._....'_""'-:‘* “ﬂ‘-
. am - el s mm mn
N NN ETEERE ESE ErEIS FS EETE RS T Y -m = m T
mmrrArrdres ren rnah fw e 2 vy E.“"'-'-"' b A e b b AT AE T et A -u o
i AuULuUL EE R R UL Tm o au
rm o
T T T T AT T T T T T T T T P T T T P I T P YT T T Y o == ==
ey M MM M MM G e R MM Mgk kb Rk b ek e Ak ek kb R Ay LR A au 4
- nu
e — T T T I T T T T T T T T T T T T I I T T - . ST TP T I T T T T T P T T T T T T T I T T T I e T T T T T I T AT I T F T T P T P I T T T AT Y ==
bt e bbre b rree & r) T T E T AR T I A AT AT I T I AN IR IR A IR IR N, o pranaTARrTArTAarTA ST AATAATAIETI A rTAr T ATad AT  aTAam rh mdAnn arThhrasaranfearanranrsamrharnrranrinrnnrdarTaarsara s br sk anrraron TITFETECTII TS P A CT Y
LU ML UL SN UL iy p MG LA U ULRL ML UASM USSR, Ly ARy AN S S ALAE AU UL A RS FI U S UL FILR RS NF AU LS SIS JA SRS AN R R AU FI RSN AN AN A SR AULAARU USSS FAUL A UANUFSU S0 EFSS NS N EE S0 rs urgat M R E R R g U
iFININNFRIFTNEN] | AT T T T T R T T v
-
| e Attt il Aivivetsiidhielvisiuiialnly viviviviainiviivivitiivhiold g g gy
" Lt rAnrdnrdnndnrknrTanrdn A nrtnndarsnr kb nrAn A nranern A de s drard b dnFbnd A nt Y A M A A Ak bR b bt n R kAt ¥y Vo gy ¥y gl Wiy Ry S S R g i g B Wy P g P B B Rty Py W ey gl e By

RSL SILZ” /119 STL?
VSSQT GDn.|.2) GDn GDn..1 VSSQ3

SILZ
GDnH

FIG. 9B




Us 10,971,047 B2

1
DEVICE SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 108122810, filed on Jun. 28, 2019. The
entirety of the above-mentioned patent application 1s hereby

incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

The present disclosure relates to a device substrate, and
particularly to a device substrate including a 1st-stage driver
unit to an nth-stage driver unit.

Description of Related Art

With the development of technology, simply improving
the display quality of display panels cannot easily meet the
consumer demand for new products. In order to increase the
attractiveness of the products, various manufacturers are
committed to the research and development of special-
shaped display panels. Diflerent from the conventional rect-
angular display panel, the varniability of the appearance of
the special-shaped display panel can attract the attention of
Consumers.

Currently, a large panel 1s typically cut to obtamn a
special-shaped display panel 1n a specific shape, thereby
saving the cost of a photomask required to manufacture the
special-shaped display panel. However, after the cutting
process, a signal source of some of driver units 1s removed,
causing the display abnormality of the display panel.

SUMMARY OF THE DISCLOSURE

The present disclosure provides a device substrate which
can relieve the problem of display abnormality of a display
panel.

At least one embodiment of the present disclosure pro-
vides a device substrate. The device substrate includes a
substrate and a 1st-stage driver unit to an nth-stage drniver
unit located on the substrate. n 1s a positive integer. Each of
the 1st-stage to nth-stage driver units includes a pulldown
clement, a reset element, and an output element. A gate of
the pulldown element 1s used for receiving a corresponding,
first start signal or a reset signal. A source of the pulldown
clement 1s used for recerving a first voltage signal. A gate of
the reset element 1s used for receiving the reset signal. A
source of the reset element 1s used for receiving a second
voltage signal. A gate of the output element 1s electrically
connected to a drain of the pulldown element and a drain of
the reset element. A source of the output element 1s used for
receiving a corresponding high-frequency clock signal. A
drain of the output element 1s used for outputting a corre-
sponding gate driving signal. A gate of the pulldown element
of the nth-stage driver unit 1s electrically connected with the
gate of the reset element of the nth-stage driver umit so as to
make the gate of the pulldown element of the nth-stage
driver unit be used for receiving the reset signal.

At least one embodiment of the present disclosure pro-
vides a device substrate. The device substrate includes a
substrate, and a reset signal line, a first voltage signal line,
a second voltage signal line, a plurality of high-frequency
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clock signal lines and a 1st-stage driver unit to an nth-stage
driver unit located on the substrate. n 1s a positive integer.
Each of the 1st-stage driver unit to the nth-stage driver unit
includes a first start signal line, a pulldown element, a reset
clement and an output element. A gate of the pulldown
clement 1s electrically connected to the first start signal line.
A source of the pulldown element 1s electrically connected
to the first voltage signal line. A gate of the reset element 1s
clectrically connected to the reset signal line. A source of the
reset element 1s electrically connected to the second voltage
signal line. A gate of the output element 1s electrically
connected to a drain of the pulldown element and a drain of
the reset element. A source of the output element 1s electri-
cally connected to the corresponding high-frequency clock
signal line. A drain of the output element i1s used for
outputting a corresponding gate driving signal. The first start
signal line of the nth-stage driver umit 1s electrically con-
nected to the reset signal line.

In order to make the aforementioned and other objectives
and advantages of the present disclosure comprehensible,
embodiments accompanied with figures are described 1n
detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a top schematic view of a panel according to an
embodiment of the present disclosure.

FIG. 2 1s a partial circuit schematic view of a panel
according to an embodiment of the present disclosure.

FIG. 3A 15 a partial enlarged schematic view of FIG. 1.

FIG. 3B 1s a partial enlarged schematic view of FIG. 3A.

FIG. 4 1s a top schematic view of a device substrate
according to an embodiment of the present disclosure.

FIG. 5 1s a partial circuit schematic view of a device
substrate according to an embodiment of the present disclo-
sure.

FIG. 6A 1s a partial enlarged schematic view of FIG. 4.

FIG. 6B 1s a partial enlarged schematic view of FIG. 6A.

FIG. 7 1s a top schematic view ol a device substrate
according to an embodiment of the present disclosure.

FIG. 8 1s a partial circuit schematic view of a device
substrate according to an embodiment of the present disclo-
sure.

FIG. 9A 15 a partial enlarged schematic view of FIG. 7.

FIG. 9B 1s a partial enlarged schematic view of FIG. 9A.

DESCRIPTION OF THE EMBODIMENTS

L1

It should be understood that although terms such as
“first”, “second”, and “third” 1n this specification may be
used for describing various elements, components, areas,
layers, and/or parts, the elements, components, areas, layers,
and/or parts are not limited by such terms. The terms are
only used to distinguish one element, component, area,
layer, or part from another element, component, area, layver,
or part. Therefore, the “first element”, “component, “area”,
“layer”, or “part” described below may also be referred to as
a second element, component, area, layer, or part without
departing from the teachings of the present disclosure.

FIG. 1 15 a top schematic view of a panel according to an
embodiment of the present disclosure.

Referring to FIG. 1, the panel 10 includes a substrate 100,
a gate driver GD, a plurality of scan lines SL,-SL, ., a
plurality of data lines DL,-DL,, and a plurality of pixel
structures P. The substrate 100 has an active region 110 and
a peripheral region 120 located on at least one side of the

active region 110.
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The gate driver GD 1s located on the peripheral region
120. The gate dniver GD 1s, for example, a gate driver-on-
array (GOA).

The plurality of scan lines SL,-SL, _ ., the plurality of data
lines DL ,-DL,, and the plurality of pixel structures P are
located on the active region 110.

The scan lines SL,-SL__ , are electrically connected to the
gate driver GD. In the present embodiment, the gate driver
GD supplies gate signals of all stages respectively to the
scan lines SL,-SL__, 1n a single-sided single-drive manner.
However, the present disclosure i1s not limited thereto. In
other embodiments, gate signals of all stages can be respec-
tively supplied to the scan lines SL,-SL .., by using a
double-sided single-dnve technique or a double-sided
double-drive technique. The scan lines SL,-SL, . and the
data lines DL, -DL , are disposed to intersect each other, and

an isulating layer 1s sandwiched between the scan lines
SL,-SL, ., and the data lines DL, -DL . In other words, the
extending direction of the scan lines SL,-SL__, 1s not
parallel to the extending direction of the data lines DL, -DL;.
Preferably, the extending direction of the scan lines SL,-
SL, _ . 1s perpendicular to the extending direction of the data
lines DL ,-DL,. Based on conductivity considerations, the
scan lines SL,-SL__, and the data lines DL,-DL ;- are gen-
erally made of a metal material. However, the present
disclosure 1s not limited thereto, and according to other
embodiments, the scan lines SL,-SL, ., and the data lines
DL, -DL; may also be made of other conductive materials,
for example, an alloy, a nitride of a metal material, an oxide
of a metal matenal, an oxynitride of a metal material or other
suitable materials or a stacked layer of a metal material and
other conductive materials.

The pixel structure P includes an active device A and a
pixel electrode PE. The active device A may be a bottom-
gate thin film transistor or a top-gate thin film transistor,
including a gate, a channel, a source and a drain. The active
device A 1s electrically connected to a corresponding one of
the scan lines SL,-SL, _, and a corresponding one of the data
lines DL ,-DL;. In addition, the active device A 1s electri-
cally connected to the pixel electrode PE. In the present
embodiment, the active region 110 can be used as a display
region, and an array of the pixel structures P located 1n the
active region 110 can be matched with a liquid crystal layer
(not shown), an opposite substrate (not shown) and a back-
light module (not shown) to display a picture. However, the
present disclosure 1s not limited thereto. In other variations,
the active region 110 can be used as a display region, and an
array of the pixel structures P located 1n the active region 110
can be matched with an electroluminescent element to
display the picture.

FIG. 2 1s a partial circuit schematic view of a panel
according to an embodiment of the present disclosure. For
example, FIG. 2 1s a partial circuit schematic view of the
panel 10 in FIG. 1. In the present embodiment, the gate
driver GD of the panel 10 includes a 1st-stage driver unit to
a (n+4)th-stage driver unit. The 1st-stage driver unit to the
(n+4)th-stage driver unit are electrically connected to the
scan lines SL,-SL__, respectively, and the 1st-stage driver
unit to the (n+4)th-stage driver unit respectively output
corresponding gate driving signals to the scan lines SL,-
SL ... The 1st-stage driver unit to the (n+4)th-stage driver
unit have a similar circuit design. Therefore, for conve-
nience of description, only a circuit schematic view of the
nth-stage driver unit GD, 1s shown in FIG. 2.

FIG. 3A 1s a partial enlarged schematic view of FIG. 1.
FIG. 3B 1s a partial enlarged schematic view of FIG. 3A.
FIG. 3A shows a portion of the nth-stage driver unit GD_ and
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a portion of the (n-1)th-stage driver unit GD,_,. In the
present embodiment, the gate driver GD further includes a
plurality of connection structures FS, and every two stages
of driver units share one connection structure FS. For
example, the 1st-stage driver unit and the 2nd-stage driver
umt share the connection structure FS located between the
2nd-stage driver unit and the 3rd-stage driver unit, and the
3rd-stage driver unit and the 4th-stage driver unit share the
connection structure FS located between the 4th-stage driver

unit and the Sth-stage driver unit. FIG. 3A and FIG. 3B also
show a connection structure FS shared by the (n-1)th-stage
driver unit and the nth-stage driver unit, and the connection
structure FS shared by the (n-1)th-stage driver umit and the
nth-stage driver unit 1s located between the nth-stage driver
unmit and the (n+1)th-stage driver unit (not shown 1n FIG. 3A

and FIG. 3B).
Referring to FIG. 3A, the substrate 100 includes a first

metal layer M1, a second metal layer M2, and a semicon-

ductor pattern layer (not shown). A gate isulating layer (not
shown) 1s sandwiched between the first metal layer M1 and
the semiconductor pattern layer, a portion of the second
metal layer M2 1s electrically connected to the first metal
layer M1 through an opening O, and the opening O pen-
ctrates at least the gate insulating layer. In the normal
direction of the substrate 100, the substrate 100, the first
metal layer M1, the gate insulating layer, the semiconductor
pattern layer, and the second metal layer M2 are sequentially
arranged, but the present disclosure 1s not limited thereto.

Referring to FIG. 1, FIG. 2, FIG. 3A and FIG. 3B, the
panel 10 includes a substrate 100, a reset signal line RSL, a
first voltage signal line VSSQ1, a second voltage signal line
VSS8Q2, a third voltage signal line VSSQ3, a fourth voltage
signal line VSSG, a plurality of high-frequency clock signal
lines HC, a first low-frequency clock signal line LC1 and a
second low-frequency clock signal line LC2. The reset
signal line RSL, the first voltage signal line VSSQI1, the
second voltage signal line VSSQ?2, the third voltage signal
line VSSQ3, the fourth voltage signal line VSSG, the
plurality of high-frequency clock signal lines HC, the first
low-frequency clock signal line LC1 and the second low-
frequency clock signal line LC2 are located on the substrate
100.

Each of the Ist-stage driver unit to the (n+4)th-stage
driver unit includes a pulldown element T41, a reset element
144, an output eclement 121, and a first start signal line
STL1. In the present embodiment, each of the 1st-stage
driver unit to the (n+4)th-stage driver unit further include a
pullup element T11, a second start signal line STL2, a
transmission element T12, a first voltage stabilizing circuit
PD1, and a second voltage stabilizing circuit PD2. In the
present embodiment, the gate G of each element belongs to,
for example, the first metal layer M1, the source S and the
drain D of each element belong to, for example, the second
metal layer M2, and a semiconductor pattern layer 1s sand-
wiched between the gate G and the source S of each element
and between the gate G and the drain D.

In the nth-stage driver unit GD, , the gate G of the
pulldown element T41 1s electrically connected to the first
start signal line STL1 to receive the corresponding {irst start
signal S(n+4) or the reset signal ST. The source S of the
pulldown element T41 1s electrically connected to the first
voltage signal line VSSQI1 to recerve the first voltage signal.
In the present embodiment, the pulldown element T41 of the
nth-stage driver unit GD, receives the first start signal
S(n+4), and the pulldown element T41 of the (n-1)th-stage
driver unit GD,_, receives the first start signal S(n+3), and
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the first start signals received by the pulldown elements T41
of the other driver umits are deduced by analogy.

In the nth-stage driver unit GD,, the gate G of the reset
clement T44 1s electrically connected to the reset signal line
RSL to recerve the reset signal ST. The source S of the reset
clement T44 1s electrically connected to the second voltage
signal line VS5Q2 to recerve the second voltage signal. The
first voltage signal and the second voltage signal may be the
same or different from each other. In the present embodi-
ment, the first voltage signal and the second voltage signal
are equal constant voltage signals. When the first voltage
signal and the second voltage signal are the same signal, the
first voltage signal line VSS(Q1 and the second voltage signal
line VSSQ2 may be the same signal line, but the present
disclosure 1s not limited thereto.

In the nth-stage driver unit GD, , the gate G of the output
clement 121 1s electrically connected to the drain D of the
pulldown element T41 and the drain D of the reset element
T44. The source S of the output element 121 is electrically
connected to the corresponding high-frequency clock signal
line HC to receive the corresponding high-frequency clock
signal. The drain D of the output element T21 1s used for
outputting a corresponding gate driving signal G(n). In the
present embodiment, the output element T21 of the nth-stage
driver unit GD, outputs the gate driving signal G(n) to the
scan line SL , the output element 121 of the (n—1)th-stage
driver unit GD, _, outputs the gate driving signal GG, _; to the
scan line SL__,, and the gate driving signals output by the
output elements 121 of the other driver units are deduced by
analogy.

In the nth-stage driver unit GD,, the gate G of the pullup
clement T11 1s electrically connected to the second start
signal line STL2 to receive the corresponding second start
signal S(n-4) or the reset signal ST. The source S of the
pullup element T11 1s electrically connected to the third
voltage signal line VSSQ3 to recerve the third voltage
signal. In the present embodiment, the third voltage signal 1s
a constant voltage signal, and has a voltage greater than the
first voltage signal on the first voltage signal line VSSQ1 and
the second voltage signal on the second voltage signal line
VSS5Q2. For example, the voltage of the third voltage signal
1s 30 volts, and the voltages of the first voltage signal and the
second voltage signal are —9.5 volts, but the present disclo-
sure 1s not limited thereto. In the present embodiment, the
pullup element T11 of the nth-stage driver unit GD, receives
the first start signal S(n-4), the pullup element T11 of the
(n—-1)th-stage driver unit GD, _, receives the first start signal
S(n-5), and the first start signals received by the pullup
clements T11 of the other driver units are deduced by
analogy.

In the nth-stage driver unit GD,, the gate G of the
transmission element 112 is electrically connected to the
drain D of the reset element 144, the drain D of the pulldown
clement T41, the gate G of the output element T21, and the
drain D of the pullup element T11, and the gate G of the
transmission element 112, the drain D of the reset element
144, the drain D of the pulldown element T41, the gate G of
the output element T21, and the drain D of the pullup
clement T11 are electrically connected to a Q(n) point. The
source S of the transmission element 112 1s electrically
connected to the corresponding high-frequency clock signal
line HC to receive the corresponding high-frequency clock
signal. In the present embodiment, the transmission element
112 and the output element T21 are electrically connected to
the same high-frequency clock signal line HC to receive the
same high-frequency clock signal. The drain D of the
transmission element T12 1s used for outputting a corre-
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sponding start signal S(n). In the present embodiment, the
transmission element T12 of the nth-stage driver unit GD,
outputs the start signal S(n), the transmission element 112 of
the (n-1)th-stage driver unit GD, _, outputs a start signal
S(n—-1), and the first start signals output by the transmission
clements T12 of the other driver units are deduced by
analogy.

In the present embodiment, the transmission element 112
of the nth-stage driver unit GD, transmits the start signal
S(n) to the pulldown element T41 of the (n—4)th-stage driver
umt GD,__, and the pullup element T11 of the (n+4)th-stage
driver unit GD, _ .

The start signal S(n) output by the nth-stage driver unit
GD, 1s the first start signal S(n) received by the (n—4)th-
stage driver unit GD, __,, and the first start signal line STL1
of the (n-4)th-stage driver unit GD,_, 1s electrically con-
nected to the transmission element 112 of the nth-stage
driver unit GD, .

The start signal S(n) output by the nth-stage driver unit
GD_ 1s the second start signal S(n) received by the (n+4 )th-
stage driver umit GD,  ,, and the second start signal line
STL2 of the (n+4)th-stage driver unit GD, _, 1s electrically
connected to the transmission element T12 of the nth-stage
driver unit GD, .

The first voltage stabilizing circuit PD1 1s electrically
connected to the first low-frequency clock signal line LCT
and the second voltage signal line VSSQ?2 to receive the first
low-frequency clock signal and the second voltage signal. In
the present embodiment, the first voltage stabilizing circuit
PD1 1s further electrically connected to the fourth voltage
signal line VSSG to receive a fourth voltage signal. The
fourth voltage signal 1s, for example, a constant voltage
signal, and has a voltage, for example, greater than the first
voltage signal on the first voltage signal line VSSQ1 and the
second voltage signal on the second voltage signal line
VSSQ2. For example, the voltage of the fourth voltage
signal 1s —8 volts, but the present disclosure 1s not limited
thereto.

The second voltage stabilizing circuit PD2 1s electrically
connected to the second low-frequency clock signal line
LLC2 and the second voltage signal VSSQ2 to receive the
second low-frequency clock signal and the second voltage
signal. In the present embodiment, the second voltage sta-
bilizing circuit PD2 is further electrically connected to the
fourth voltage signal line VSSG to recerve the fourth voltage
signal. The first low-frequency clock signal and the second
low-frequency clock signal are reverse signals.

In the present embodiment, the first voltage stabilizing
circuit PD1 1includes a first active device T51, a second
active device T52, a third active device 153, a fourth active
device T54, a fifth active device T42, a sixth active device
132, and a seventh active device T34.

In the nth-stage driver unit GD,, the gate G of the first
active device 1351 and the source S of the first active device
151 are electrically connected to the first low-frequency
clock signal line LC1. The drain D of the first active device
151 1s electrically connected to the gate GG of the third active
device 153 and the drain D of the second active device T52.

In the nth-stage driver unit GD,, the gate G of the second
active device T52 and the gate G of the fourth active device
154 are electrically connected to the Q(n) point (a Q(n-1)
point in the (n-1)th-stage driver unit GD, _,, a Q(n-2) point
in the (n-2)th-stage driver unit GD, ., and the points 1n the
other driver umits deduced by analogy). The source S of the
second active device T52 and the source S of the fourth
active device 154 are electrically connected to the second
voltage signal line VSSQ?2.
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In the nth-stage driver unit GD_, the source S of the third
active device 153 1i1s electrically connected to the first
low-frequency clock signal line LC1. The drain D of the
third active device T53 and the drain D of the fourth active
device 154 are electrically connected to a P(n) point (a
P(n-1) point i the (n-1)th-stage driver umt GD,_,, a
P(n-2) point in the (n-2)th-stage driver unit GD, _,, and the
points 1n the other driver units deduced by analogy).

In the nth-stage driver unit GD,, the gate G of the fitth
active device 142, the gate G of the sixth active device 132,
and the gate G of the seventh active device T34 are elec-
trically connected to the P(n) point (the P(n—1) point in the
(n—1)th-stage driver unit GD, ,, the P(n-2) point i the
(n-2)th-stage driver unit GD, _,, and the points in the other
driver units deduced by analogy). The source S of the fifth
active device 142 and the source S of the seventh active
device T34 are electrically connected to the second voltage
signal line VSSQ2. The source S of the sixth active device
132 1s electrically connected to the fourth voltage signal line
VSSG. The drain D of the fifth active device T42 1s
clectrically connected to the Q(n) point (the Q(n-1) point 1n
the (n—1)th-stage driver unit GD, _,, the Q(n-2) point 1n the
(n-2)th-stage driver unit GD__,, and the points in the other
driver units deduced by analogy). The drain D of the sixth
active device T32 1s electrically connected to the drain D of
the output element T21. The drain D of the seventh active
device 134 1s electrically connected to the drain D of the
transmission element T12.

In the present embodiment, the second voltage stabilizing
circuit PD2 includes a first active device 161, a second
active device 162, a third active device T63, a fourth active
device T64, a fifth active device T43, a sixth active device
133, and a seventh active device T35.

In the nth-stage driver umt GD,, the gate G of the first
active device T61 and the source S of the first active device
161 are electrically connected to the second low-1requency
clock signal line LC2. The source S of the first active device
T61 1s electrically connected to the gate G of the third active
device 163 and the drain D of the second active device 162.

In the nth-stage driver unit GD),, the gate G of the second
active device 162 and the gate G of the fourth active device
164 are electrically connected to the Q(n) point (the Q(n-1)
point 1n the (n-1)th-stage driver umit GD,_,, the Q(n-2)
point 1n the (n-2)th-stage driver unit GD, _,, and the points
in the other driver units deduced by analogy). The source S
of the second active device 162 and the source S of the
fourth active device 164 are electrically connected to the
second voltage signal line VSSQ?2.

In the nth-stage driver unit GD, , the source S of the third
active device 163 1s electrically connected to the second
low-frequency clock signal line LC2. The drain D of the
third active device 163 and the drain D of the fourth active
device T64 are electrically connected to a K(n) point (a
K(n-1) point in the (n-1)th-stage driver unit GD,_,, a
K(n-2) point 1n the (n—-2)th-stage driver unit GD, _,, and the
points 1 the other driver units deduced by analogy).

In the nth-stage driver unit GD,, the gate G of the fifth
active device T43, the gate G of the sixth active device 133,
and the gate G of the seventh active device T35 are elec-
trically connected to the K(n) point (the K(n—-1) point 1n the
(n—-1)th-stage driver unit GD, _,, the K(n-2) point 1n the
(n—2)th-stage driver unit GD__,, and the points in the other
driver units deduced by analogy). The source S of the fifth
active device T43 and the source S of the seventh active
device T35 are electrically connected to the second voltage
signal line VSSQ2. The source S of the sixth active device
133 1s electrically connected to the fourth voltage signal line
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VSSG. The drain D of the fifth active device T43 1s
clectrically connected to the Q(n) point (the Q(n-1) point 1n
the (n-1)th-stage driver unit GD, _,, the Q(n-2) point 1n the
(n—2)th-stage driver unit GD__,, and the points in the other
driver units deduced by analogy). The drain D of the sixth
active device T33 i1s electrically connected to the drain D of
the output element T21. The drain D of the seventh active
device T35 is electrically connected to the drain D of the
transmission element T12.

In the nth-stage driver unit GD_ of the present embodi-
ment, a capacitor 1s also sandwiched between the drain D of
the sixth active device 132 and the Q(n) point and between
the drain D of the sixth active device T33 and the Q(n) point,
but the present disclosure 1s not limited thereto.

FIG. 4 1s a top schematic view ol a device substrate
according to an embodiment of the present disclosure.

Referring to FIG. 4, the panel 10 (drawn 1n FIG. 1) 1s cut
along the cutting line CT to obtain the device substrate 10aq.
In the present embodiment, the (n+1)th-stage driver unit
GD__, to the (n+4)th-stage driver umit GD, _ , of the panel 10
(drawn 1n FIG. 1) are removed after cutting. The device
substrate 10a 1ncludes a substrate 100, a reset signal line
RSL, a first voltage signal line VSSQ1, a second voltage
signal line VSSQ2, a third voltage signal line VSSQ3, a
fourth voltage signal line VSSG, a plurality of high-fre-
quency clock signal lines HC, a first low-ifrequency clock
signal line LC1 and a second low-irequency clock signal
line LC2. The reset signal line RSL, the first voltage signal
line VSSQ1, the second voltage signal line VSS(Q2, the third
voltage signal line VSSQ3, the fourth voltage signal line
VSSG, the plurality of high-frequency clock signal lines
HC, the first low-frequency clock signal line LC1 and the
second low-frequency clock signal line LC2 are located on
the substrate 100.

FIG. 5 1s a partial circuit schematic view of a device
substrate according to an embodiment of the present disclo-
sure. For example, FIG. 5 1s a partial circuit schematic view
of the device substrate 10a of FIG. 4. In the present
embodiment, the gate driver GD of the device substrate 10q
includes the 1st-stage driver unit to the nth-stage driver unait.
For convenience of description, only a circuit schematic
view of the nth-stage driver unmit GD, 1s shown 1n FIG. 3.

FIG. 6A 1s a partial enlarged schematic view of FIG. 4.
FIG. 6B 1s a partial enlarged schematic view of FIG. 6A.

Referring to FI1G. 4, FIG. §, FIG. 6A and FIG. 6B, 1n the
present embodiment, the scanning sequence of the scan lines
SL.1-SLn 1s sequential scanning from the scan line SL1 to
the scan line SLn. The (n+1)th-stage driver unit GD, _ ; to the
(n+4)th-stage driver unit GD, _, to which the gates G of the
pulldown eclements T41 of the (n-3)th-stage driver umit
GD__, to the nth-stage driver unit GD  are originally con-
nected have been removed after cutting.

If the gates G of the pulldown elements T41 of the
(n-3)th-stage driver unit GD, _, to the nth-stage driver unit
GD_ are floating electrodes, the display function of the
active region 110 1s easily aflected. In order to make signals
generated by the (n-3)th-stage driver unit GD,__; to the
nth-stage driver unit GD,_ relatively stable, the gates G of the
pulldown eclements T41 of the (n-3)th-stage driver umit
GD__, to the nth-stage driver unmit GD, are electrically
connected to the gate G of the reset element T44, so that the
gate G of the pulldown element T41 recerves the reset signal
ST.

In the present embodiment, each connection structure FS
1s overlapped with the reset signal line RSL and the four first
start signal lines STL1. For example, one of the connection
structures FS 1s overlapped with the first start signal lines
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STL1 of the (n—-3)th-stage driver unit GD), _, to the nth-stage
driver unit GD . The first start signal line STL1 of the
nth-stage driver unit GD, 1s fused with the reset signal line
RSL. In the present embodiment, the fusing process 1is
performed to form a plurality of fusion points W. By fusing
(for example, a laser fusing process) the first start signal
lines STLL1 of the (n-3)th-stage driver unit GD,_, to the
nth-stage driver unit GD, with the connection structure FS
and fusing (for example, the laser fusing process) the reset
signal line RSL with the connection structure FS, the first
start signal lines STL1 of the (n-3)th-stage driver unit
GD__, to the nth-stage driver unmit GD, are electrically
connected to the reset signal line RSL.

In the present embodiment, the start signal 1s transmitted
across four stages of driver units. For example, the start
signal S(n+4) generated by the (n+4)th-stage driver unit
GD _. 1s transmitted to the nth-stage driver unit GD, .
Theretore, the four stages of driver units are subjected to the
fusing process, so that the active region 110 of the main
clectric device substrate 10a can generate a stable signal, but
the present disclosure 1s not limited thereto. In other embodi-
ments, the start signal 1s transmitted across one stage of
driver unit. For example, the start signal S(n+1) generated
by the (n+1)th-stage driver unit GD, _, 1s transmitted to the
nth-stage driver unit GD, . Therefore, 1t 1s only necessary to
perform a fusing process on the one stage of driver unit to
make the active region of the main electric device substrate
generate a stable signal. In other embodiments, the start
signal 1s transmitted across two stages of driver units. For
example, the start signal S(n+2) generated by the (n+2)th-
stage driver unit GD, _ , 1s transmitted to the nth-stage driver
unit GD, . Therefore, 1t 1s only necessary to perform a fusing
process on the two stages of driver units to make the active
region of the main electric device substrate generate a stable
signal. In other words, the number of stages of driver units
subjected to the fusing process can be adjusted according to
actual needs.

FIG. 7 1s a top schematic view of a device substrate
according to an embodiment of the present disclosure. FIG.
8 1s a partial circuit schematic view of a device substrate
according to an embodiment of the present disclosure. FIG.
9A 1s a partial enlarged schematic view of FIG. 7. FIG. 9B
1s a partial enlarged schematic view of FIG. 9A.

It should be noted here that the embodiment of FIG. 7 to
FIG. 9B follows the element symbols and partial contents of
the embodiment of FIG. 4 to FIG. 6B. The same or similar
symbols are used to denote the same or similar elements, and
the description of the same technical contents 1s omitted. For
the description of the omitted part, reference can be made to
the foregoing embodiments, and the descriptions thereof are

omitted herein.
The embodiment of FIG. 7 to FIG. 9B 1s mainly different

from the embodiment of FIG. 4 to FIG. 6B 1n that: in the
embodiment of FIG. 4 to FIG. 6B, the device substrate 10a
1s located on the upper side of the panel 10 (drawn 1n FIG.
1), and the Ist-stage driver unit GD, of the panel 10 1s
substantially equivalent to the 1st-stage driver unit GD, 1n
the device substrate 10a; and 1n the embodiment of FIG. 7
to FIG. 9B, the device substrate 104 1s located on the lower
side of the panel 10 (drawn 1in FIG. 1), that 1s, a portion
below the cutting line CT 1s taken as the device substrate
10b, and the last stage of driver unit of the panel 10 1s
substantially equivalent to the 1st-stage driver unit GD, 1n
the device substrate 105.

Referring to FIG. 1 and FIG. 7 to FIG. 9B, 1n the present
embodiment, since the arrangement direction of the 1st-
stage driver unit GD), to the nth-stage driver unit GD, of the
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device substrate 1056 1s diflerent from that of the panel 10,
the positions of the pulldown element T41 and the pullup
clement T11 of each of the 1st-stage driver unit GD), to the
nth-stage driver unit GD,_ are mutually exchanged, and the
positions of the first voltage signal line VSSQ1 and the third
voltage signal line VSSQ3 are also mutually exchanged.

Based on the above, the present disclosure can relieve the
problem of display abnormality of the display panel by
making the pulldown element of the nth-stage driver umit
receive the reset signal.

Although the disclosure 1s described with reference to the
above embodiments, the embodiments are not intended to
limit the disclosure. A person of ordinary skill in the art may
make variations and modifications without departing from
the spirit and scope of the disclosure. Therelore, the pro-
tection scope of the disclosure should be subject to the
appended claims.

What 1s claimed 1s:

1. A device substrate, comprising:

a substrate; and

a 1st-stage driver unit to an nth-stage driver unit, located
on the substrate, wherein n 1s a positive integer, and
cach of the 1st-stage driver umit to the nth-stage driver
unit comprises:

a pulldown element, wherein a gate of the pulldown
clement 1s used for receiving a corresponding first
start signal or a reset signal, and a source of the
pulldown element 1s used for receiving a first voltage
signal;

a reset element, wherein a gate of the reset element 1s
used for receiving the reset signal, and a source of
the reset element 1s used for receiving a second
voltage signal; and

an output element, wherein a gate of the output element
1s electrically connected to a drain of the pulldown
element and a drain of the reset element, a source of
the output element 1s used for receiving a corre-
sponding high-frequency clock signal, and a drain of
the output element 1s used for outputting a corre-
sponding gate driving signal; wherein
a gate of the pulldown element of the nth-stage

driver unit 1s electrically connected with the gate
of the reset element of the nth-stage driver unit so
as to make the gate of the pulldown element of the
nth-stage driver unit be used for recerving the reset
signal.

2. The device substrate according to claim 1, wherein a
gate of the pulldown element of the (n—1)th-stage driver unit
1s electrically connected with the gate of the reset element of
the (n-1)th-stage driver unit so as to make the gate of the
pulldown element of the (n—1)th-stage driver unit be used
for receiving the reset signal.

3. The device substrate according to claim 1, wherein each
of the Ist-stage driver unit to the nth-stage driver unit
COmMprises:

a pullup element, wherein a gate of the pullup element 1s
used for receiving a corresponding second start signal
or the reset signal, and a source of the pullup element
1s used for receiving a third voltage signal.

4. The device substrate according to claim 1, wherein the
first voltage signal and the second voltage signal are equal
constant voltage signals.

5. The device substrate according to claim 1, wherein each
of the 1st-stage driver unit to the nth-stage driver umnit
COmprises:
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a first voltage stabilizing circuit, used for recerving a first
low-frequency clock signal and the second voltage
signal; and

a second voltage stabilizing circuit, used for receiving a
second low-frequency clock signal and the second
voltage signal, wherein the first low-frequency clock
signal and the second low-frequency clock signal are
reverse signals.

6. The device substrate according to claim 1, wherein each
of the 1st-stage driver unit to the nth-stage driver umnit
COmMprises:

a transmission element, wherein a gate of the transmission
clement 1s electrically connected to the drain of the
reset element, the drain of the pulldown element and
the gate of the output element, a source of the trans-
mission element 1s used for receiving the corresponding
high-frequency clock signal, and a drain of the trans-
mission element 1s used for outputting the correspond-
ing start signal.

7. A device substrate, comprising:

a substrate:

a reset signal line, a first voltage signal line, a second
voltage signal line and a plurality of high-frequency
clock signal lines, located on the substrate; and

a 1st-stage driver unit to an nth-stage driver umt, located
on the substrate, wherein n 1s a positive integer, and
cach of the 1st-stage driver unit to the nth-stage driver
unit comprises:

a first start signal line;

a pulldown element, wherein a gate of the pulldown
clement 1s electrically connected to the first start
signal line, and a source of the pulldown element 1s
clectrically connected to the first voltage signal line;

a reset element, wherein a gate of the reset element 1s
clectrically connected to the reset signal line, and a
source of the reset element 1s electrically connected
to the second voltage signal line; and

an output element, wherein a gate of the output element
1s electrically connected to a drain of the pulldown
element and a drain of the reset element, a source of
the output element 1s electrically connected to the
corresponding high-frequency clock signal line, and
a drain of the output element 1s used for outputting
a corresponding gate driving signal; wherein
the first start signal line of the nth-stage driver unit

1s electrically connected to the reset signal line.

8. The device substrate according to claim 7, wherein the
first start signal line of the nth-stage driver unit 1s fused with
the reset signal line.

5

10

15

20

25

30

35

40

45

12

9. The device substrate according to claim 7, wherein the
first start signal line of the (n-1)th-stage driver unit is
clectrically connected to the reset signal line.

10. The device substrate according to claim 7, further
comprising:

a third voltage signal line; wherein

cach of the 1st-stage driver unit to the nth-stage driver unit
COMPrises:

a second start signal line; and

a pullup element, wherein a gate of the pullup element
1s electrically connected to the second start signal
line, and a source of the pullup element 1s electrically
connected to the third voltage signal line.

11. The device substrate according to claim 7, wherein the
first voltage signal line and the second voltage signal line are
used for receiving equal constant voltage signals.

12. The device substrate according to claim 7, further
comprising;

a first low-frequency clock signal line and a second

low-frequency clock signal line; wherein

cach of the 1st-stage driver umit to the nth-stage driver
unit comprises:

a first voltage stabilizing circuit, electrically connected
to the first low-frequency clock signal line and the
second voltage signal line; and

a second voltage stabilizing circuit, electrically con-
nected to the second low-frequency clock signal line
and the second voltage signal line, wherein the first
low-1requency clock signal line and the second low-
frequency clock signal line are used for receiving
reverse signals.

13. The device substrate according to claim 7, wherein
cach of the 1st-stage driver unit to the nth-stage driver unit
COmprises:

a transmission element, wherein a gate of the transmission
clement 1s electrically connected to the drain of the
reset element, the drain of the pulldown element and
the gate of the output element, a source of the trans-
mission element 1s electrically connected to the corre-
sponding high-frequency clock signal line, and a drain
of the transmission element 1s used for outputting the
corresponding start signal.

14. The device substrate according to claim 7, further

comprising:

a connection structure, electrically connecting the first
start signal line of the nth-stage driver unit to the reset
signal line.
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